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The University of London has recently instituted a 
Diploma in Household and Social Science, which is 
awarded to students who take a three years’ course in 
the Household and Social Science Department of King’s 
College for Women, and who pass the University ex¬ 
amination in the various subjects of'the course. 

This University Diploma replaces that which has 
I been given by the College for some years past. 

In* the first year of the course the standard of the 
work in Inorganic Chemistry is practically the'^same as 
that of'an ordinary Intermediate B.Sc. course! In ti^ 
second year a study is made of such Organic and 
Physical Chemistry as will serve as a basis dor the 
courses of instruction in Applied Chemistry and Physio-* 
logy. In addition, the students also gain further exper¬ 
ience of quantitative methods. 

In the course of Applied Chemistry,nn the third yeax, 
it has Seen found impossible tb>\make use of any one 
existing text-book for either‘the theoretical or practi 9 al 
work, and it is Iroped that this book will supply a want 
«1iiclf has been fajt Tor some time, not only jp this 
college, but also m other'^ universities and training 
schools. 

• The lectures of the Applied Chemistry course deal, 
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more especially \^rith the theoj-etical aspect of th| subject, 
and although it is intended that this volume'^hould 
be, primarily a practical book, in^some case# a certain 
amoilnt of theoretical jnatter has been introduced. 

The experiments described deal with Water Analy¬ 
sis, Detergents, Textile Fabrics, Bleaching Agents,* 
Ventilation, Fuels, Paints, Polishes, etc. A second 
volume dealing with Foods is in preparation. 

Some of the experiments described are of a very( 
elementary character and in the ordinary way are not 
carried out by third year students, as they have pre¬ 
viously been performed by them in connection with the 
courses in Physics and Pure Chemistry. On the other 
hand, some of the experiments described are only per¬ 
formed in the lectures. 

In some cases the experiments deal more particularly 
Vith problems relating to household matters, and are not 
performed in the Chemical Laboratory, but form part^ 
of the'work in the Kitchen Laboratory. This work is 
''arried lout in conjunction with the work in Applied 
Siemiltfy to meet the special needs of 'students of 
iousehold Sciqpce. Such experiments, denoted by two 
isterislas, are of a more specialised nature than the 
najority of those described. 

Although the book is primarily intended for students 
in^their third year, certain portions of it may be used for 
tlje instruction of* other students who have not previously 
taken the two years’ instruction in Pure Chemistry. 

^ It is also hoped that the complete book will be of 
ase to students preparing for the Diplomas and Degrees 
in Pul^Jic Health of the various uniwrsities. 

- We wish to take this o'pportuniiy of expressing our 
thttnks to Sir Herbert jackso’n and Mr. H. L Smith, 
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who initfited the course in. Applied Cliemistry, for the 
great alfsistance we have received from the*ir work. 

JkVe alko wish thank Dr. J. J. I^ox,»of the 
Government Laboratory, for information with /egard 
to the methods of analysis of paints, polishes, etc. 

* For the use of blocks for illustrations we are 
much indebted to Messrs. Baird & Tatlock (London) 
Ltd., Messrs. J. J. Griffin & Sons, Messrs. Alexander 
Wright & Co. Ltd., and th^ Richmond Gas Stove 
and Meter Co. Ltd. 

C. K. T. 

H. M. 

Kikg’s College rof . Women, 

Campden Hill Road, 

Kensington, W. 
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Chapter I, 


WATER ANALYSIS. 

In this course we are concerned only with the actual chemical 
operations involved in the determination of those constituents 
of natural waters which are taken into consideration in arriving 
at a decision as to whether or not a given water is fit for 
domestic purposes. The correct interpretation of these re.sults, 
and also a study of the evidence as to the suitability of a water 
for a particular purpoi»e, obtained from a bacteriological ex¬ 
amination and from an inspection of the source of a water, is 
dealt with in another part of the course. 

It should be pointed out that in most cases the substances 
to be determined are present in very minute quantities, and* 
considerable skill and attention to detail are required in order 
to obtain results which shall be of any value. 

The methods to be described include those which are 
usually employed for the determination of total solids,*free and 
albuminoid ammonia, chloride, nitrates and nitrites^xygai 
absorbed and hardness. The action of water on lead is also 
considere;^. 

TAKING A SAMPLE OF WATER FOR ANALYSIS 

• 

Allow at least lo gallons of water to run to waste before 
collecting a sample for analysis, and make sure that the water 
is drawn from a tap attached directly to the water main ai»d 
not fron^ one to which the water is supplied from a cijtera. 
It’s extremely important that the bottle in which the water is 
coliflcted should be perfectly clejfti, and it should not have been 
jsed previously for^storing a solution of ammonia or an aril- 
nUpni'irn salt. 

PRElI^lINAat TESTS. 

(a) Test with red and blue' litmus paper to ascertain tf the 
muer is alkaline or acid to litmus. 
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(i) Warm some of the water in a test-tube and notice if 
tnere is any smell. A polluted water may evolve 
sulphuretted hydrogen. ^ f 

'■ (c) Allow some of fee water to stand «n a,, 

conical settling tube (Fig. i). B/ turning the 
stopper of the tube through a fight angle any 
sediment which has settled in the depression in 
the stopper may be separated from the large 
volume of water above it. Any sediment thus 
obtained should be examined under the micro¬ 
scope, see Plates in “The Examination of Watersr 

Fig. I. and Water Supplies,” by Thresh (Churchill). 

TOTAL SOLID.S. 

Clean thoroughly (inside and outside) a 3" porcelain * (or 
platinum) basin. Dry in the steam ov^n for at least half an 
hour, cool in a desiccator and weigh accurately. 

Place 50 c.c. of the water (measured with a pipette) in the 
basin and evaporate on a water bath; when nearly dry add 
another 50 c.c. of water and evaporate to dryness. 

Clean the outside of the dish and heat in the steam oven 
for one hour. 

Cool in a desiccator and when cold weigh quickly, as the 
residue r/ill probably be deliquescent 

t ReJjgat in steam oven for half an hour and continue the 
process until the weight is constant. 

Express the,fesult as Total Solids per 100,000 parts of 
water. ^ 

(Note milligrams per 100 c.c. = parts per 100,000.) 

t The amounts of the various constituents of natural tvaters 
are usually expressed as parts per 100,000; they are, however, 
sometimes represented as grains per gallon. Since i gallon 
ot water = 70,000 grains, parts per 100,000 x 07 = parts per 
^,o«o, i.e. grains per gallon. < 

The results obtained ma^y vary from about 4 parts per 
ipo,ooo for an upland surface water to 60 or more parts per 
100,000 for a shallow well water. A water containing more 
than 50 parts of total solids per 100,000 will usually^.be lai- 
suitabl^ for domestic purposes. 

‘ After the weighing of the dish for total solids is completed, 

* A lound-btfttomed glass basin is more suitable if the residual is not to^ 
ignited. ^ 
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if a pordfelain basin has been used, ignite the residue over a 
Bunsen burner and note that charring takes pface, due to the 
presence of^prganic rnsj^ter in the residue. * , . 

I For the methods emfiloyed fof the quantitative analysis of 
the residue cJbtained by the evaporation of a water, seC “ The 
Examination oT Waters and Water Supplies,” by Thresh 
•(Churchill). 

. FREE (AND SALINE) AMMONIA. 

In this process a measured volume of the water is distilled 
’with a little sodium carbonate.* The minute quantity of 
ammonia which is present in the water, either in the free state 
or as ammonium salts, as a result of the decomposition of 
nitrogenous organic matter, is obtained in the first portion of 
the distillate, and its amount is determined colorimetrically 
by means of Nessler solution. This solution contains mercuric 
iodide dissolved in water containing potassium iodide and 
potassium hydroxide. 

The compound Hglj. 2KI or KjHgl^ is soluble and 
colourless. By the action of ammonia on this substance a* 
yellowish-brown insoluble substance, dimercuric-ammonium 
iodide, is produced as follows :— 

. 2 Hg'T2-i-4NH3->NHgV -I-3 NH,I. 

This reaction affords an extremely delicate tes^for the 
presense of ammonia: even i part of ammonia in 100,000,000 
of water can be detected by means of the recent. 

If thwamount of ammonia is small no precipitate is obtained, 
but only a yellowish-brown coloration, and by matching the 
colour obtained on the addition of Nessler solution to a dilute 
solution of ammonia with that obtained by employing a solu¬ 
tion of ammonium chloride of known concentration, the 
amount of atamonia present in the former solution is deter¬ 
mined. ,The process is usually known as ” nesslerising ’i * 

A solution of ammonium chloride is employed rather than 
a solution of ammonium hydrojfide, as it would be impossiWe 
to keep such a dilute solution of ammonia at a definite concen- 
ti;^tion. The free alkali ^'n the Nessler solution liberates the 
ammonia from the afflmopium chibride. 

The determination of ammorda in a water should, if possinie, 
be carried out in a room in-which ^ no bottle containing am¬ 
monia solution is kept, and should be carried oiTt as soon as 
possible after the bottle containing the sample has IjeenjDpened. 
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Preparation cf Solutions etc. required for the Dc^rmina- 
tipn of Free (and Saline) and Albuminoid Ammonia. 

'NfsUer Solution .—Dissolve 62'5 gms. of pota^iurn iqfiide 
in 250 c.c. of distilled witer. To 240 c.c. of thisrsolution add 
a saturated solution of mercuric chloride until a slight per¬ 
manent precipitate persists after shaking. Add the remain¬ 
ing 10 c.c. of the potassium iodide solution, which will cause 
the precipitate to redissolve, and add gradually more of the 
saturated solution of mercuric chloride until a faint precipitate 
is produced. 

Dissolve 150 gms. of p6tassium hydroxide in about 150 
cc. of distilled water and when cold mix with the potassium- 
mercuric iodide solution. Dilute to 1000 c.c., and after allow¬ 
ing the solution to stand decant the clear liquid into a bottle. 
The bottle should be fitted with a rubber bung and not with 
a glass stopper. . 

Ammonium Chloride Solution .—A solution of this salt is 
required containing ammonium chloride equivalent to i part 
of ammonia in 100,000 parts of water. 

* Owing to the very small amount of the salt which would 
be required to make up i litre of such a solution, it is qsual 
to make in the first place a solution which is fifty times as 
concentrated as that finally required, i.e. 50 parts N 4 Ij per 
I00,000*c.c. or 0-25 part NHj per 500 c.c. 

* Frrtw the relation 

NH,G 1 NH, 

5 3’5 gms. NH4CI contain 17 gms. ItJH, 

, 0787 gm. ,, contains 0’2S gm. „ 

Weigh out exactly 0787 gm. of pure ammonium chloride, 
dissolve in ammonia-free water * and dilute to 500 c.c. Shake 
tlie solution well^and dilute 10 cc. of it to 500 c.c. with 
a!nm»nia-free water. 

I C.C. of this solution = o’ooooi gm. NH,, i.e. i part NH, 
jjer 100,000. 

If 500 C.C. of the water under examina|ion gave ammonia 
corresponding to I c.c. of this solutiqn, it is obvious that 

, * If on testing the ordinary disfiKed water c.c.) with i c.c. of Neaalet 
. lolution in a cylinder more than the faintest coloration is observed after stirring 
and aibwing to stand two minutes, the* water should be re-distilled after the 
addition of a little sodium carbonate (see p, 3), the first portion of Ae distSlatg 
>cing tweeted, and a itock of “ ammonia-fieewater obtained * 
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500 t.c. of the water contained OOOOOI gcj. ot tree (and 
saline) ammonia. * 

loOjOtxi of the watfr^ontained-ot)02 

gm. of free ^and saline) ammonia. 

That is, if 5*00 c.c. of water are employed for the test, each 
'c.c. of the ammonium chloride solution required corresponds to 
0-002 part of free (and saline) ammonia per 100,000. 

Ignited Sodium Carbonate .—Heat a little pure sodium 
carbonate for half an hour in a procelain basin to drive off any 
ammonium salt which may be present as impurity. Sodium 
carbonate made by the ammonia-soda process invariably con¬ 
tains traces of ammonium salts, so that the ignition of this 
substance before use is essential. 

Alkaline Permanganate (for albuminoid ammonia).—Weigh 
out approximately 50 gms. of potassium hydroxide. Dissolve 
in about 300 c.c. of Vater. Add 2 gms. of potassium per¬ 
manganate and boil in a conical flask for about an hour. 

Cool the solution and dilute to 250 c.c. For the experi¬ 
ment described on p. 8, 50 c.c. of this solution is diluted with 
distilled water to 250 cc. and the mixture boiled for half an 
hour. 

The Determination of Free (and Saline) Amjponia. 

• Fit up the apparatus as shown in the diagraiB^F'S-^)' 
The rubber bungs used should be such as are only employed 
for this particular determination.* Place about 700 c.c. of dis¬ 
tilled water in the flask and add about i gm. of recently ignited 
sodium carbonate. Heat the flask over a wire gauze by means, 
of a large burner and collect the distillate in a 50 c.c. Nesfler 
cylinder. The distillate should be quite cold. To the second 
portion of the distillate (50 cc.) add i c.c Nessler solu^on 
by means of a graduated pipette. Stir with a glass rod ^nd 
allow t(? stand for two minut^. * 

If any coloration is obser-ed, when viewed from above 
over a white tile, distil further portions until one is obtained 
which gives no (toloration with the Nessler reagent. When 
this is the case the tippm-atus is ammonia-free. , 

The apparatus is nbw req^y to receive the water t/fider 

4 

* A more suitable flask is one 'fitted \wth a ground'ln ^lass stopper, as 
unmonia be given off from the rubber bung and so rendhr it difficult to ob¬ 
tain the apparatus ** ammonia-ficae V. ' 
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examination, but for practice in matching the colours of solu¬ 
tions it will advisable to carry out a test in which the total 
amount of ammonia to be determined is known. | 

■ *€001*the distilling flask under the tSp and add *5 c.c. ot the 
dilute solution of ammonium chloride * from a bufette. [Take 

care that n^ne of the solu¬ 
tion runs down the side* 
tube of the distilling flask.] 
If the volume of wafter in 
the flask is less than about 
half a litre add ammonia- 
free water to make it ap¬ 
proximately this volume. 

Add about i gm. of 
recently ignited sodium 
carbonate, distil and col¬ 
lect the distillate in 50 c.c. 
portions in four Nessler 
cylinders. The cylinders 
should be plainly marked 
in the order in which they 
are used. 

To the contents of the 
second cylinder add t c.c. of 
Nessler solution, stir and 
allow to stand as before. 

In a fifth cylinder place i c.c. of the dilute solution of am¬ 
monium chloride c.c. =. o'ooooi gm. NHj) ipeasitfed from 
a burette and add ammonia-free water to the 50 c.c. mark. 
Nesslerise as before and compare the colour obtained with that 
obtained in the second cylinder. If the colour observed in the 
comparison cylinder (No. 5) is too deep repeat the process, 
using 0'5 c.c. of the.ammonium chloride solution. Similarly, 
if the colour observed in the comparison cylinder is too light 
repeat*the process, using i -5 or 2 c.c. of the ammonium*chloride 
solution. Find put exactly how much of the ammonium chlo- 
(ri( 4 e solution is required to match the colour. It should be 
noted that ammonium chloride solution shbuld not be added 
to the cylinder after the Nessler soliftioi) has been added, (Jr 
tl^Solution becomes turbid. 

After the colour in the second cylinder has been matched 



I C.C. = O'OOOOI gm.,NH3, see p. 4. 
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the contwts of the first, third, and fourth cylinders should be 
nesslerised, and the amounts of ammonia presf^it determined 
as in the former case. The total volume of ammonium chlo- 
ride^olution required Sh®uld obviously be 5 c.c., as thiS wasthe 
amount put into the flask. The reas®n for matching the colour 
of the second cylinder first is that if the second cylinder re- 
•quires more than 5 c.c. of the ammonium chloride for match¬ 
ing, the first cylinder will contain so much ammonia that it 
caniKrt be nesslerised directly, on account of the depth of the 
colour which would be obtained. In such a case the contents 
of the first cylinder would be diluted to 250 c.c. and 50 c.c. of 
this diluted solution then nesslerised. In the present experi¬ 
ment, however, the second cylinder must obviously require 
considerably less than 5 c.c. of the ammonium chloride 
solution. 

For the determination of the free (and saline) ammonia in 
the water under exan^ination, when the apparatus is ammonia- 
free, place 500 c.c. of the water in the distilling flask, add 
about I gm. of recently ignited sodium carbonate and distil.* 
Collect the distillate, which should be quite cold, 50 c.c. at a 
time, in Nessler cylinders and continue the distillation until a 
portion of the distillate (50 c.c.) requires less than 0‘25 c.c. of 
the ammonium chloride solution for matching the colour. 

Ncsslerise as before, using the second cylinder before the 
first for the reason given on page above. • 

\Note. —The water remaining in the flask will be,,j-equi»ed 
for the determination of the albuminoid ammonia.] 

From the total volume of ammonium chloride solution re- 
quired the amount of free (and saline) ammonia insioo.ooo 
parts of the water may be calculated. 

Example :— 

2nd cylinder -> 0'2 5 c.c. NH4CI 
1st „ -> 22_ „ „ 

Total 2-25 „ ' „ 

500 C.C. of water contain O'OOOOI x 2 25 gms. NH 3 . 

. 100,000 xwT, 

/. 100,000 of water contain 0*0000225 x -!- gms. TW. 

* 500 

= 0-004? gP>. NH,. 

* While the determination of the &ee ammonia is in progress, dilute 50 c.« 
of the alkaline potassium permanganate solution (p, 3) to 250 c.c.,«and boiH 
^e solution^or half an hour to remove any trace of ammonia. This solution is 

in nnnnav'tinn urit-h /1<»ttn>nnin{ifi<^n nf alKiimtnniH arnmnnifl fn. 
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The amounts of free (and saline) ammonia in natucal waters 
vary greatly. *«As a rule, considerably less than O'OI part per 
100,000 is found. It will be readily understood tiiat the im- 
poFtapce of the presence of such a mintite amount"of amnjonia, 
(or ammonium salts) in ti water must be an indisect one. It 
will, however, be pointed out elsewhere that eten such a small 
amount of free ammonia as O'OI part per 100,000 would prob-* 
ably point to recent sewage contamination of the water, 
although it must be emphasised that no definite conclusion as 
to the purity of a water can be arrived at by the determination 
of any one constituent alone. 

ALBUMINOID AMMONIA. 

When all the free (and saline) ammonia has been removed 
the water remaining in the flask is distilled with a solution of 
alkaline potassium permanganate. The ammonia which is 
thereby produced results from the action of the alkaline per¬ 
manganate on nitrogenous organic substances, such as uric 
acid etc., which do not give ammonia when boiled with a 
tiilute solution of sodium carbonate. The amount of ammonia 
so obtained, known as the albuminoid ammonia, can be deter¬ 
mined as in the case of the free ammonia. 

The Determination of Albuminoid Ammonia, 

The diluted solution of alkaline permanganate ('50'cc. of 
the original solution diluted to 250 c.c., see p.^5 ), which has 
been boiled for half an hour, is added to the water remaining 
, in the flask after the determination of the free ammonia and 
tht solution distilled. Care should be taken that none o'f the 
permanganate solution flows into the side tube of the flask. 

^Collect four portions of 50 c.c. in Nessler cylinders. 
Nesslerise the fourth first, and, if not free from ammonia, collect 
a fifth* portion of the distillate. Nesslerise the third? second, 
and first cylinders, and from tjje total volume of ammonium 
; chloride required for matching, calculate the amqunt of 
albuminoid ammonia per 100,000 of wateK 

It may be observed that the albuminoid ammonia <s ncA 
evoFved as rapidly as the free^ammoiiia, and that the second 
^Joinder often contains nearly as much' ammonia as the first 
This fe due to the fact that many nitrogenous organic sub- 
^stances are decomposed only slowly by alkaline pemianganatap, 
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The amount of a!l>uminoid ammonia in a drinking water 
does not as a rule exceed o-oo8 part per loffi.ooo, although 
considerabl# variations in the amount of this constituent-are 
, met^ith in different vvaters. 

• 

After the determination of the albuminoid ammonia the 
distillation flask should be cleaned by means of a small quantity 
of concentrated hydrochloric acid. The apparatus is required 
later fbr the determination of nitrate (see p. 11). 

CHLORINE PRESENT AS CHLORIDE. 

Chlorine is almost invariably in combination when present 
in water, usually in the form of sodium or calcium chloride. 

The determination of the amount of chlorine as chloride 
is very easily carried out, and is of great importance in afford¬ 
ing evidence as to whether or not a water is contaminated 
with sewage, which contains a very large amount of chloride. 
Unlike the nitrogenous constituents of water, chloride when 
once present in water cannot be removed by any natural 
process. 

The pos.sibility of the presence of chloride in a water due 
to admixture with mineral spring water or sea spray must not, 

* of course, be overlooked. 

The determination of the chloride in water is cajried out 
by titration with a standard solution of silver nitrate, pots^- 
sium chromate being used as indicator, as in the "'Ordinary 
process for the determination of sodium chloride in solution. 
No red silver chromate is formed until all the chloride has been 
precipitated. * 

Salution of Silver Nitrate for Determination of Chlorine ts 
Chloride in Water. —A solution of silver nitrate is required of 
which I c.c. = 0-0005 Cl. 

From the equation 

• AgNOj + NaCl -► NaNOa + AgCl 
170 dS'S , 

0-0005 gift- Cl = X 0-0005 gm. AgNO,. 

.-. for 250 c.c. AgN( 5 j solution the amount of AgNOj^e- 
quired = 250 X 170 x^^^oooS ‘J 

3 S'S ■ • 

* Weigh 6ut on a watch gbss 0-599 g^i- silver nitrate, dis¬ 
solve^ io distilled water and dilute to 250 c.c. 
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The Determination of Chlorini as Chloride. 

i 

.Measure out, by means of a pipette, two portions of Jo 
c.ci of the w^ter to be tested into two,porceIain basins and add 
2 dro'ps of 10 per cent. f)otassium chromate soli^tion to^ach.* 
Run tRe silver nitrate solution from a burette p'l c.c. at a time 
into one portion and stir with a glass rod. ^ 

Continue the addition of the silver nitrate until a very 
faint red colour is perceptible, when the colour is coippared 
with that of the second portion of the water. Repeat the 
experiment twice and take the average of the three readings. 

It will be seen that if .50 c.c. of the water require i c.c. 
of the silver nitrate solution, of which i c.c. = O'OOOJ gm. Cl 
then 50 c.c. of water contain 0'0005 gm. Cl as chloride. 

.•. 100,000 of water contain -- - -!-= ro parts 

50 

of chlorine. • 

So that the number of cubic centimetres of the silver 
nitrate solution used for 50 c.c. of the water gives at once the 
parts of chlorine per 100,000 of the water. 

As a rule the amount of chlorine as chloride per 100,000 
present in a drinking water does not exceed 2 parts. 

• NITROGEN AS NITRATE AND NITRITE. 

* Th^ammonia which occurs in natural water; as a i;esult of 
the decomposition of nitrogenous organic matter, is oxidised 
first to nitrite anil then rapidly to nitrate. Some of the nitrate 
may, Itowever, be again reduced to nitrite by means of a 
second contact with organic matter or a ferrous compoqpd. 

Nitrate is invariably a constituent of a drinking water, 
whereas nitrite is very rarely present. 

• Various methods are employed for the determination of 
nitrogen as nitratft and nitrite. 

In Crum’s method the residue obtained in the determination 
of total solids is treated with concentrated sulphuric acid in 
jJtesence of mercury. The apparatus employed consists of a 
special form of Lunge nitrometer in whiih the nitric oxide 
evolved is measured. From the 'volume of nitric? oxi'lde 
()|>tained the amount of nitrdgen as nitrate and nitrite is found. 

In another method the nitric.acid obtained from the nitrate, 
by treatment, with sulphifric acid, is allowed to act on phenol 
sulphonic acid, C5H4(0H)S03H,* which is thereby converttid 
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into picri« acid, the sulpho group being eliminated during the 
nitration:— 

C.H.(OHXSO,H) + 3(;H0 . NOj) 

4C,H2(NOj)jOH + HjSOt + 2HjO. 

The amounl^of picric acid produced is determined"colori- 
jnetrically after conversion into ammonium picrate, which is a 
substance having an intense yellow colour. In this method 
the nitrate only is determined. 

In a third method the nitrate and nitrite are reduced by 
means of nascent hydrogen (zinc-copper couple) to ammonia, 
which can then be determined in the ordinary way by distilla¬ 
tion and nesslerising. This method is described in detail 
below. A method employed for the determination of nitrite 
alone is described on p. 13. 

Determination of Nitrate and Nitrite by Reduction to 
Ammonia. (Zinc-Copper Couple Method.) 

Place about twenty strips of zinc foil (about 4 ins. x in.) 
in a 200 c.c. reagent bottle. Clean the zinc by treatment with^ 
water containing a little dilute sulphuric acid, then wash well 
with distilled water. P'ill the bottle with a i per cent, solution 
of cop^r sulphate and allow the zinc to remain in contact 
with this solution for fifteen minutes. Pour out the, solution 
of copper sulphate and wash five or six times with distilled 
water. • The zinc should now be coated with a black aSherent 
film of copper. Zn + CUSO4 -*■ ZnSO^ H- C,u. 

Fill tile bsttle with the water under examination, add 
about O’l gm. of oxalic acid, stopper loosely and eHIow to 
stand.ovemight. , 

The oxalic acid is added to accelerate the reaction. The 
nitrate and nitrite are reduced to ammonia by the nascent 
hydrogen as follows:— 

NaNOj + 8H->NaOH + zH^O -p NH^. 

Owing to the presence of oxalk: acid, however, sodium and 
ammonium oxalates are produced and not free sodium hy¬ 
droxide and ammSnia. 

If the reduction io kmmonia is complete, no cokiratjon 
should be obtained on tfsling fortiitrite by means of m.phe*);)- 
ene-diamine and sulphuric acid (see p. 13), or by means of a 
solution of sulphanilic acid, phenol aftid ammonia (see p.*i3). 

The nAt operation consists in determining the amount ol 
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ammonia produced. Place 700 c.c. of distilled wafer in the 
distilling flask'of the ammonia apparatus (Fig. 2), add a little 
Orqphly ignited sodium carbonate and pistil until tile apparatus 
is amenonia-Tree. 

When this is the case, cool the distilling fldsk under the 
tap and add 50 c.c. of the water which has bSen treated with 
the zinc-copper couple and more ammonia-free water if neces^ 
sary. 

Proceed as in an ordinary determination of free amfnonia. 
In this case it is very important to nesslerise the second ( 
cylinder first, as the amount of ammonia may be considerable,#* 
From the amount of the standard solution of ammonium 
chloride required, calculate the amount of ammonia present in 
50 c.c. of the water which has been treated with the zinc- 
copper couple. Since of this ammonia is nitrogen, the 
amount of nitrogen as nitrate and nitrite in 100,000 parts of 
water is readily found. « 

If the water contained free ammonia before treatment with 
the zinc-copper couple a deduction must be made for the 
amount of free ammonia in 50 c.c. 

Example :— 

2nd cylinder required 5'5 c.c. NHjCl 

3^^ ») I) 20 ,, ^,, 

4^h • ,, ,, 0’5 ), ,, 

5t^ „ free 

1st cylinder after dilution to 250 c.c. " ' 

50 required,3-5 c.c. NH^Cl .'. 250 = 17-5 „ „ 

, Total 257 „ ' „ 

But 500 C.C. of the original water contained free amjnonia 
equivalent to 2’25 c.c. of the standard solution of ammonium 
chloride. 

• .•. 50 c.c. contained free ammonium equivalent to 0'225 
ctf. NH4CI solution. 

.•. The ammonia from nitrate and nitrite in 50 c.V of the 
water is equivalent to 2S'5 -•0-225 = 25-3 c.c. NH 4 CI 
I c.c. NH4CI solution = 0-00001 gm. NH,. 

••• 25-3 ,, = o-ocfe253 „ „ 

.Jl of 0-000253 i= CV0O02I gm. nits-ogefl. 

■ • 

.-. 50 ac. of original watef contained 0-00021 gm. nitrogen 
as nitrate and nitrite. , 

.■. 100,00(5 of original water contained 0-00021 x;ooo = o-^ 
gtn. nitrogeQ as nitrate and nitrit^. 
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This Water was found to contain no nitrite before reduc¬ 
tion, so that nitrogen as nitrate = 0'42 part per 100,00a 
The amiunt of nitrogen as nitrate present in a water varies 
very«considerably according to the source of thd water* Ah 
upland surfate water may contain aS little as o'oi part per 
100,000, where* in a deep well water it is quite usual to find 
tis much as 0'6 part per 100,000. 


NITROGEN AS NITRITE. 


For the detection of nitrite in water use is made of the 
•well-known formation of a diazo qpmpound by the interaction 
of a primary aromatic amino compound and nitrous acid, with 
the subsequent “coupling” of the diazo compound with a 
phenol or primary amine, which gives rise to an azo dye. 

By comparing the colour produced on treatment of the 
water with that produced from a solution of a nitrite of known 
concentration the amohnt of nitrite present in the water may 
be determined. 

The aromatic amino compound employed in one method 
is m.phenylene-diamine, QH/NHj)^. A solution of this,, 
substance in dilute sulphuric acid, on treatment with nitrous 
acid, gives the semi-diazo compound NH2C,H4. N : N . HSO4, 
which jouples with another molecule of the phenylene-diamine 
to form the brown azo dye, 

(NH2)C,H4N:NQH3(NH2)2. 

If on treating a sample of water (about 50 c.c.) with about 
2 c.c. oii dilute sulphuric acid and i c.c. <Jf a 0'5 per cent, 
solution of m. phenylene-diamine in dilute sulphuric»acid, a 
browg coloration is produced, the presence of nitrite in the 
water is inferred. 

In another method the amino compound employed is sul- 
phanilic acid, CjH4(S03H)NH2. This after diazotisationais 
treated with an aqueous solution of phenol and the whq}e 
renderetf alkaline with ammonia. A yellow dye is thus pro¬ 
duced. The reactions may be represented as follows:— 


C,H 4 (S 0 ,H)]^H 2 T. OH -> QH 4 (S 08 H)N : NOH 
sylphanilic acid lytrous acid 


C,H4(S0,H)N : N|^;;+‘HiQH 40 H 


. phenol 

h.C,H<(S 0 ,H)N:NC,H 40 H 
aao compound 
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The ammonijira derivative produced by the actioft of am¬ 
monium hydrcfxide is the actual dye. 

^ 'Soliftions Required. — A solution of sodium hitrite is re¬ 
quired containing i part‘of nitroiJs anhydride (NjOy) in, 
100,000 of water. * 

For accurate work this solution is usually fhade from silver 
nitrite by double decomposition with sodium chloride, as silvef 
nitrite is more easily obtained in a pure state than sodium 
nitrite. ’ ' 

For the present purpose it may be assumed that crystallised 
sodium nitrite is pure, and the solution made directly from 
this substance. From tlie relation between NjO, and 
2NaN02 (or NajO. NjOj) it will be seen that 76 gms. of 
NjOj are contained in 138 gms. of NaNO^, or i gm. NjOj is 
contained in i’9 gms. NaNOj. 

Hence i -9 gms. of sodium nitrite in 100,000 c.c. of water 
would give a solution containing i part, of NjO, per 100,000 
of water. 

i‘9 gm. per 100,000 = O'lp per 10 litres, 

, or o'019 per litre. 

Weigh out on a watch glass exactly o'i9 gm. pure NaNOj, 
dissolve in water and dilute to i litre. This solution is ten, 
times the concentration of that required. Shake the solution 
well, metsure out 25 c.c. with a pipette and dilute to 250 c.c. 
i*cc. q^this solution = o-ooooi gm. NjOj, or the solution con¬ 
tains I part NjOj per 100,000 of water. * 

Saturated soUations of sulphanilic acid in dilute sulphuric 
acid and of phenol in water are also required. 

The Determination of Nitrite. 

In six Nessler cylinders place 0'4, 0'8, i "O, i '2, r6, and 2-0 
ct. of the dilute sodium nitrite solution. Dilute to 50 c.c. in 
each jase with distilled water. In another cylinder ^lace 50 
C.C of the water under examination. 

To each cylinder add ^ c.c*of the sulphanilic acid solution, 
.^low to stand for ten minutes, add | c.c. yf the phenol solu¬ 
tion and make alkaline with ammonia. , 

^Compare the colour of the solutiop inrthe test cylinder with 
that of the other solutions *«flid in this way determine the 
‘ amoupt of nitrogen as nitrite in the sample of water. 

If 50 c.c. of the water under examination ga\e a colour 
which is matched by i 'O c.c. of fine standard nitfite solution! 
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since i c.<! of the standard nitrite solution = o'oogoi gm. N, 0 „ 
the amount of NjOj per 100,000 


= I X* O'OOOOI 
= 0 - 02 . 


100,000 

t - - - 

« 50 


Although it is claimed that r part of NjOj in 40 million 
of water can be detected by this test it is unlikely that the water 
under‘examination will give a positive reaction for nitrite. 
For practice in the determination, however, a measured volume 
of the standard nitrite solution should be added to i litre of 
distilled water and the amount of nitrite in solution then deter¬ 
mined. 

For the detection of nitrite in flour after bleaching with 
nitrogen peroxide see Vol. II. 

In connection with the presence of nitrite in water it should 
be noted that it has recently been shown by B. Moore (Proc. 
Roy. Soc. 1918 [B], 90, 158) that dilute solutions of nitrates 
exposed to sunlight, or other light rich in ultra-violet rays, 
give the reaction characteristic of nitrites. 


OXIDISABLE ORGANIC MATTER IN WATER. “OXYGEN 
ABSORBED.” 

In the process usually adopted for the determiifetion of 
the amount of organic matter in water, a measured vqjjime of 
the water is treated with excess of a standard solution of 
potassium permanganate in presence of sulphuric acid. The 
experimeht is carried out under certain standard conditions, 
and although the method does not afford a measure of the 
absolifte amount of organic matter present, from the amourtt 
of potassium permanganate decomposed by the water it is 
possible to obtain evidence as to the relative amounts of Or¬ 
ganic matter in different waters. , 

Othe*principles involved in the process are (a) the libertition 
of iodine from a solution of potassium iodide by the action of 
potassium permanganate in presence of sulphuric acid, and 
(d) the determination of the amount of iodine liberated by 
ti*ratiop with a solution,of sodium thiosulphate. From the 
difference in the amount uf the tljiosulphate solution requiltd 
for a givep volume of tlfe potassium permanganate before an8 
after treatment with the wateV the amount of potassium per- 
iftanganate«decomposed, an^ hence the amount of oxygen 
absorbed by. the water, is determined. 



i6 


APPLIED JCHEMISTRY 


The reactjons may be represented as follows :—* 


KjMn2^9 or 
316 gms.* 


K2O + H2SO4 —► K2S0^ + H2O1 
2MnO + 2H2SO9 -♦.tMnSO* + 2H2O 
SO (oxygen available for oxidatjon) 8o%ms. 


fKjO + H2SO* -> KjSO, + Hj© 
a. ^2MnO + 2H2SO4 -»• 2MnS04 + 2H2O 
(.50 + loHI 5H2^ *i* 5^2 


b. 2Na2S203 + I2 2NaI + Na2S40, 


Solutions Required :— 

I. A solution of potassium permanganate containing O'l 
gm. available oxygen per litre, i.e. i c.c. = O'OOOI gm. avail¬ 
able oxygen. It will be seen from the equations given above 
that 316 gms. of potassium permanganate in presence of sul¬ 
phuric acid afford 80 gms. of available oxygen. Hence 0‘i gm. 

216 * 

available oxygen is contained in x O'l gm. = 0 ' 39 S gm. 

oO 

of potassium permanganate. 

Weigh out exactly 0-395 g™- of fioo'y powdered, pure 
potassium permanganate, treat with distilled water in a bea|;er, 
pour off the solution into a litre flask and repeat the process, 
until the whole of the permanganate is dissolved. Dilute to 
I litre a^id shake the solution thoroughly. 

• 2. ^ solution of sodium thiosulphate containing ^ i gm. 
(approximately) of Na2S203. SH2O in i litre of water. 

3. A 10 per tent, solution of potassium iod^. ^ 

4. A solution of starch, which should be freshly made by 
grinding about i gm. of starch into a paste with cold water 
and then pouring into about 150 c.c. of boiling water. 

5. Dilute sulphuric add, i volume of concentrated acid to 
>voIumes of water. ■ 


Determination of Oxygen Absorbed. 

In each of two 500 c.c. glass-stoppered bottles put 250 c.c. 
of the water under examination, and in a third 500 c.c. bottle 
put 25P c.c. of distilled water. Label, the bottles, ^o tfie 
qpntents of each add 10 c.or pf the'djlute sulphuric acid and 
10 cc. of the potassium permanganate solution measured with 
a pi{)Ctte. ?lacc the three bottles in an oven at 80° F. 
(ay' C.) and allow them to remain for four hours,* 



OXVGfiN AfiSOR&ED 17 

Four hfcurs at 80° F. is usually the standard,adopted for 
the test, but other standards, such as four hoitrs at 98° F., 
three hours * 80*^. etq,^ are often employed. 

, F»r a rapid test five minutes af 8(j° F. is often' empldyed, 
and for further practice in the determination it is advisable to 
carry out a test under these conditions. 

* Treat 250 c.c. of the water under examination and 250 c.c. 
of distihed water with 10 c.c. of dilute sulphuric acid and 10 c.c. 
of the potassium permanganate solution, and allow to remain 
«in the air oven at 80° F. for five minutes. 

*0 Remove the two bottles from oven, and to each add S 
drops of the lo per cent, solution of potassium iodide. 

Run the sodium thiosulphate solution from a burette into 
the bottle, which originally contained the distilled water, until 
only a faint yellow colour remains. Add starch solution and 
continue the addition of the sodium thiosulphate solution 
cautiously until the blfle colour disappears. 

Note the volume of sodium thiosulphate solution required 
for this blanli experiment and repeat the process with the 
water under examination. 

The calculation of the oxygen absorbed is made as in the 
following example:— 

Blank Experiment. —250 c.c. distilled water + 10 c.c. dilute 
sulphuric acid + ioc.c. K^MnjOg solution(i c.c. = O'OIJOI gm. 
available oxygen). 

After treatment in an air oven (five minutes at 80° F.) 

, S drops of a 10 per cent, solution of potassiunj iodide added. 

Volame of NajSjOj solution required 31 "5 c.c. 

3I’5 C.C. oftheNajSaOj solution corresponds to loxo'oooi 

gn*. available oxygen, 

or I C.C. Na2Sj03 solution = — — = 0 ' 00003 I 7 gm. 

available oxygen. 

Test Experiment. —250 c.c. of^water treated as above. 

Volume of NajSjOj solution required — 29^4 cc. 

Difference in reading between test and blank experiments, 
3 i ’5 ~ 19'4 = 2'i cc. NajSjOj solution. 

But.I cc. NajSjO, soliftion cgrfesponds to 0'00003I7 gril. 
available oxygen. * * 

• 2-1 cc corresponds to i-i x ©•0000317 gm. availSble 
o^gen =’ 0 <x)oo 66 s 7 Rio. ayfiila'ble oxveen. * 
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f 

This oxygen is absorbed by 250 c.c. of water, 
oxygen absorbed per 100,000 of water (5 minutes at 
.89“F.i 

o-oooo6<557' X 100,000 ^ Q.Q26g; 

“ 250 , ' 

At the expiration of four hours, remove the three bottles 
from the air oven and proceed exactly as described above. 
Carry out the blank experiment first and take the meafi of the 
two results with the water under examination for the calcula- 
tion of the oxygen absorbed. r 

It will be noted that the oxygen absorbed during four 
hours is considerably greater than that absorbed during five 
minutes. The results obtained for different waters vary con¬ 
siderably. For an upland surface water as much as 0-2 part 
of oxygen absorbed per 100,000 is quite a usual amount, 
whereas for a deep well water cons'derably less than O’OJ 
part per 100,000 may be found. 


THE HARDNESS OF WATER. 


The hardness, or soap-destroying power, of water is due 
to the presence in the water of calcium or magnesium carboi); 
ates, kept in solution in the form of soluble bicarbonates by 
means* of the carbonic acid present in the water, or to the 
f presa"ce of substances such as calcium or magnesjum sulphates. 

The action of both calcium bicarbonate and calcium sul¬ 
phate on a soap is of the same nature and leads to the forma- ^ 
tion cf the insoluble calcium (or magnesium) salt of the acid 
contained in the soap. 

' Thus 


CaC 0 s.H,C 03 +2C„H3,COONa->2NaHCO, 

100 6^2 + . L-i7H35)2 

calcium * sodium calcium stearate 

^'bicarbonate stearate (incoluble) 

(soluble) (soluble) 

CaS 04 -t- 2Ci7Hj3COONa -» Na^SO^ -t- Ca(OOCCi7H3,)2. 

sodium oleate calcium oleate 

C' (insoluble) 


k will be obvious that so lon^ a^such calcium "(or tfiag- 
t nesium) salts are present' in solutign in the water no lather, 
duf to solution of the unchanged soap, will be possible. 

Hardrteiss due to thfe presence of calcium and magnesium 
■bicarbonates is known as temporary hardness and can beare- 
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tnove 3 simf ly by boiling, as these oicaroonates are decomposed 
an heating. * 

CaitOg, HgCQ^*^ CaCOg + HgO + CO„ 

. PP‘-* . 

It may also bg removed by the addition of lime 
• CaCOg. HgCOg + Ca(OH)2 -> 2CaCOj + 2HjO. 

;See p.,46.) 

Hardness due to the presence of calcium and magnesium 
lulphates is unaffected by boiling and is known as permanent 
RBrdness. Such hardness may be removed by the addition of 
sodium carbonate— 

CaSO, + ,Na2COg->CaCOg + NagSO,. 

ppt. 

'See also p. 47.) 

From the equations^ given on p. 18, it will be seen that 
100 gms. of calcium carbonate will precipitate 612 gms. of 
sodium stearate, corresponding to about 1000 gms. of an 
jrdinary soap.* That is, every part of calcium carbonate in 
solution in water requires about lo parts of soap for its re¬ 
moval. It will thus be obvious that it is often advantageous 
io employ some substance which is cheaper than soap to effect 
the removal of the calcium carbonate etc. from a water. (See 
Methods of Softening of Water, p. 48.) * 

One^of the methods employed for the determination^f thtf 
liardness of water is to find out how much of a standard solu¬ 
tion of soap is required to produce a permanent lather with a 
definite volume of the water. , 

Unfortunately, the numerical expression of the hardness of 
water ft represented in several different ways. In laundry 
practice in this country a water having 1° of hardness is usually 
anderstood to contain i grain of calcium carbonate, or it» 
jquivalent, in i gallon of water, i.e. i grain Jn 70,000 grains 
af water. • • 

In more scientific work i ^ of htrdness is taken to correspond 
:o I part of calcium carbonate, or its equivalent, in 100,ooo- 
parts of water. • 

water having 10° of hardness is defined as one having ten 
:imes the soap-destroying t)ower.of one having 1° of hardness,, 
aut It IS found in practice that a water containing, for example, 
10 parts of calcium carbonate'per too,000 has considerably 

* Omng to water content etc, of the soap (see p, SQ). 
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less than lojtimes the soap-destroying power of ofie contain¬ 
ing I part cf calcium carbonate per 100,000. That is, the 
sqap-dpstroying power of a water is not directly*’proportional 
to tile amount of calciuni carbonate etc. contained jn th^ 
water.. 

If, therefore, it is desired to express the hSrdness of a water 
in parts of calcium carbonate per 100,000, as is often the cast, 
use is made of a table, which has been drawn up as the result 
of experiments, which shows the relation between the Volume 
of a particular standard solution of soap required for a giveiv, 
volume of water and the parts per 100,000 of calcium carbonatf^ 
contained in that water.' For details of this method see 
Clowes and Coleman, “ Quantitative Analysis ” (Churchill). 

THE DETERMINATION OF THE HARDNESS OF WATER BY 
MEANS OF A STANDARD SOAP SOLUTION. 

The method to be described is that generally employed in 
connection with laundry work in this country; the hardness 
being expressed in degrees, on the basis 1° of hardness cor¬ 
responding to I grain of calcium carbonate per gallon of 
water. 


Solutions Required. 

ir Saa/ Solution .—This solution is prepared, by dissolving 
10 gms. of Castile soap, cut in thin shavings, in a mixture of 
500 c.c. of Industrial methylated spirit and 500 c.c. of water. 

[Mote .—Methylated spirit which has been denatured by the 
addition of paraffin must not be used for this purpose, as a 
turbidity is produced, due to the separation of the paraffin, on 
addition of water. Industrial spirit is denatured by the addi¬ 
tion of crude wood spirit and does not become turbid on mix¬ 
ing with water.] - 

2. Calcium Chloride Solution .—Weigh out exdttly I gm. 
of pure calcium carbonate.' Powdered Iceland spar is the 
• most suitable form of calcium carbonate for this purpose. 

Transfer completely to a small porcelain dish by means of 
a snu^l quantity of water and dissoive^the calcium carbot&te 
jlfy the addition of the least possible quantity of dilute hydro¬ 
chloric acid. Cover the dish with a clock glass to prevent loss 
untfl the effervescence has ceased. Wash the clock glass with 
distilled water and allow the washings to fall iAto the digjL 
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Evaporate the solution to dryness on the water hath, protect¬ 
ing the dish, from dust by means of an evaporating funt)el. 
Add a small quantity of ijyater and again evaporate,to d»yness. 
This te to ensure the complete removal of the hydrochloric 
acid. , , * 

Add water to the contents of the dish and transfer to a 
hire flask. Wash out the dish into the flask and dilute the 
solution to I litre. Mix the solution thoroughly by shak¬ 
ing. 

*■ I c.c. of this solution contains calcium chloride equivalent 
'to O'OOI gm. of calcium carbonate., 

Standardisation of the Soap Solution. 

[Before proceeding with this experiment commence heating 
the water for the determination of permanent hardness, p. 23.] 

Measure out 10 c.c? of the solution of calcium chloride 
with a pipette into a 200 c.c. glass-stoppered bottle. Add 
60 c.c. of distilled water. 

In the 70 c.c. of solution there is an amount of calcium 
chloride equivalent to o-oi gm. or 10 mg. of calcium carbon¬ 
ate ; or the solution contains calcium chloride equivalent to 
10 parts,of calcium carbonate per 70,000. 

Run-in the soap solution from a burette I c.c. at S time, 
shaking well after each addition. Continue the addition oU 
the soap* solution, but do not add more than 0-2 c.c. at a time 
as the end point is approached, as shown byrfhe greater per¬ 
sistence of the lalher. When the lather is permanent fqf five 
minutes, after the bottle has been laid on its side, the end 
point h*s been reached and the volume of the soap solution 
added is noted. 

It will be observed that as the end point is approached the 
sound produced by shaking the bottle becomes less and less. 
This deadening effect on the sound affords a good mean 9 *of 
determining the end point, esp^ially if the water contains 
appreciable quantities of magnesium compounds, in which, 
case a false lather qjay be obtained before the water is com¬ 
pletely spftened. , 

Repeat the experinfent* twice rpore and take the m&n <f( 
the last two readings, which should not differ from one an-' 
other by more than 0‘3 c.c. • , 

The soapvsolution must now be diluted so th&t 11 c.c. of 
it Should be .required to produce a permanent lather, wfth 
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10 c.c. of Vtiie solution of calcium chloride and 6o cc. of 
distilled water. 

■ ' The II C.C. allows iq c.c. for tlie calcium chloride and 
I c.c. for 70 C.C. of distilled water, as even if no /;alcium''salt is 
in sofution i c.c. of the standard solution of soap is required 
to produce a lather with 70 c.c. of distilled water. 

Example :— 

9'5 C.C. of soap solution were required for loc.o. CaOj 
solution (i C.C. = o-ooi gm. CaCOj) and 60 c.c. of distilled 
water. f 

.•.II C.C. of soap solution should be made from 9’5 c.c. of 
original soap solution + i "S c.c. of a mixture of equal volumes 
of methylated spirit and water. 

The amounts of the original soap solution and of the mix¬ 
ture of water and methylated spirit required to make i litre of 
the standard solution of soap are thus easily calculated. 

If the soap solution is not approximately of the right con¬ 
centration, it is advisable to add rather less than the calculated 
amount of solvent for the first dilution, as otherwise the solu¬ 
tion may be found to be too weak after dilution. 

If more than 11 c.c. of the original solution of soap were 
required in the experiment more soap should be added to thp 
solution and the process of standardisation repeated.. 

When the soap solution has been adjusted repeat the titra- 
«tion to ascertain if exactly 11 c.c. of it are required for 10 c.c. 
of the calcium chloride solution and 60 c.c. of water. If 
slightly more or less than 11 c.c. is required, allowance must, 
be made for this by using a factor for the solution in deter¬ 
mining the hardness of the water under examination, but if 
less than 10 c.c. or more than 12 c.c. are required thef solution 
should be restandardised. 

, The volume of this standard soap solution required for 70 
,c.c. of a sample, of water, less i c.c., is taken to represent the 
ndinber of degrees of hardness for that particular waiter, on the 
assumption that 1° of hardness represents i part of calcium 
j carbonate per 70,000 of water, or i grain of calcium carbonate 
per gallon. 

It should be noted, however,»that the soap sqlutior. is 
itan(!ardised by means of a .solution containing the equivalent 
of 10 parts of calcium carbonate p€r 70,000 which does not 
strictly represent a water having 10° of hardness (see p. 19). 
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Determiifation of the Total (Temporary and. Permanent) 
Hardness of a Water. 

Place 70 c.c. of the‘water under examination «n a Sop c.c. 
•glass-stoppeied bottle and run in the soap solution until a 
permanent lather is obtained as described above. During the 
addition of the soap solution it is advisable to remove the carbon 
dioxide which is evolved owing to the decomposition of the 
calcium bicarbonate. This can be effected by attaching a 
glass tube to a filter pump and allowing the end of the tube to 
» remain for a few seconds above the surface of the solution in 
*the bottle. 

The presence of carbonic acid delays the formation of the 
lather. 

The volume of the soap solution required, which should be 
not more than 16 c.c., less i. c.c., gives the number of degrees 
of total hardness of thf water. 

If more than 16 c.c. of the soap solution were required, the 
experiment should be repeated, using water which has been 
diluted with an equal volume of distilled water, and the degree 
of hardness obtained for this mixture should then be doubled* 
to obtain the total hardness of the original water. 

Determination of the Permanent Hardness by Standard 
Soap Solution. 

Bc^l 250 c.c. of the water under examination in a ftask for 
half an hour. Filter off the precipitated carbonates and collect 
the filtrate in "a 250 c.c. flask. Rinse the flask in which the 
water was boiled with a little boiled distilled water. Cbol and 
dilutesto 250 C.C. with recently boiled,* cold distilled water. 

Measure out 70 c.c. of the water from the 250 c.c. flask 
and titrate with the standard solution of soap. Repeat the 
titration twice and take the mean of the last two readings. 
Deduct ^ C.C. to obtain the number of degrees of perrqjpient 
hardness. If more than 16 c.c. of the soap solution is required 
dilute the water as before. Tfle difference between the per¬ 
manent and total hardness gives the temporary hardness. 

Tile degree of hardness of different waters varies ^ry 
considerably according to the*s*ource of the waters, and, «s 
would be expected, is usually in close relation to th^ total' 

0 * Recenltl^ boiled distilled water does not contain caibSnic acid, which if 

present would ^edissolve some of the calcium carbonate. 
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solids contained in the water. Water having a totsfi hardness 
of less than 5°* is very soft, whilst if the total hardness is more 
than 20° the water will probably be found to be iftisuitable for 
washing pu/poses. 

The Action of Soap Solution on Watel Containing 
Magnesium Salts in Solution. 

It has been pointed out that if a water contains magcesium 
salts in solution a false lather may be obtained before the water 
is completely softened, as shown by the disappearance of thej 
hard sound when the bottle containing the water and soap*' 
solution is shaken. In order to illustrate this phenomenon a 
solution containing only magnesium salt in quantity equivalent 
to the amount of calcium chloride used for standardising the 
soap solution should be made up, and the amount of soap 
solution required for softening the water noted. 

I gm. molecule of calcium carbonate should have the same 
soap-destroying power as i gm. molecule of magnesium sul¬ 
phate, or 

CaCOj corresponds to MgSO^. /HjO. 

100 gms. 246 gms. 

Make up a solution of magnesium sulphate containing 2'46 ■ 
gms. of {he crystallised salt per litre. ‘ 

I C.C. of this solution = 0'00246 gm. MgSO,,. /H^O 
= o’ooi gm. CaCOj, ‘ 

so that 10 c.c. ofthe solution of magnesium su^hate.+ 60 c.c. 
of water gives a solution containing magnesium sulphate 
equivalent to 10 parts of calcium carbonate per 70,000,,which 
was the concentration of the solution of calcium carbonate (in 
the form of calcium chloride) employed for the standardisation 
of the soap solution. 

r It will be remembered that 11 c.c. of the standard soap 
soluffon were required for 10 c.c. of the solution of calcium 
chloride + 60 c.c. of water. ‘Find out by experiment how 
much of the standard soap solution is required to produce (i) 
a lather which is apparently permanent, (2) tomplete softening 
as sho\yn by the disappearance of the scvmd on shaking, when 
a, solution is employed containing 10, c.g. of the solution of 
magnesium sulphate and 60 c.c.,of water. 

It should ,be mentiontti in this connection th^t if a soap 
containing only salts of saturatedSsAty acids be employed, tb» 



•DETERMINATION. OF I^RDNESS 25 

volume of’feoap solution required to produce a pcrgianent lather 
is the same, ^hether the solution contains calcimn salts, or an 
equivalent amount of magnesium salts. (See H. Ma.^rprs ay^ 
-Smith, “Trans. CBem. Soc.,*’ 1^13, 103,992.) 

THE DETERMINATION OF THE HARDNESS OF WATER BY 

hehner’s method. 

Most natural waters are alkaline to methyl orange, and it 
,is possible by titration of a given volume of the water with a 
Standard solution of hydrochloric or sulphuric acid to deter¬ 
mine the alkalinity of the water. Since the reaction is chiefly 
between the dissolved calcium carbonate (present as bicar-' 
bonate) and the acid, the determination of the alkalinity is 
usually referred to as a determination of temporary hardness, 
although as a rule there is no close agreement between the 
amount of calcium carl»onate per 100,000 of the water as de¬ 
termined by this method and by means of a standard solution 
of soap. 

It is also possible to obtain a measure of the permanent 
hardness of a water by finding out how much sodium carbonate" 
is required for the precipitation of the calcium sulphate etc. 
■present in a given volume of the water. 

Determination of Temporaiy Hardness, or Alkalinity, of 

a Water by Titration with a Standard Solution’of an 

Acid. 

[Before proceeding with this experiment commence heating 
the water for the determination of permanent hardness, 
p. 26.J 

A decinormal solution of hydrochloric acid is required. 

From the equation 

^ CaCOj -F 2HCI CaCls -F HjO -F COj 

it will be .seen that 73 gms. of hydrogen chloride, or 2ooo c.c. 

N. HCl, decompose 100 gms. CaCO,. 

20,000 c.c. ohN/ioHCl decompose 100 gms. CaCOj. 

.>i C.C. N/ioHCl decomposes 0-005 gni' CaCOj.^ 

Thus if 500 C.C. of the water ‘on titration in presence of 
methyl orange require i c.c. NyioHCl, 500 c.c. of the lyater 
contain o-oq5 gm. CaCOj, or ioo,ocTo parts contain i part of 
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Hence tte number of c.c. of N/io acid required for 5CX) c.c. 
of the water'gives directly the number of parjs of calcium 
carbonate ger 100,000, that is the temporary hardness of the 
watSr. 

Titrate three portions of 500 of the water under examina¬ 
tion with N/ioHCl, using methyl orange as indicator, and 
from the mean of the last two readings calculate the temporary 
hardness of the water. 

Instead of titrating 500 c.c. of the water with N/io acid, 
100 C.C. may be employed if N/50 acid is used. The volum^ 
of acid required in this ca^ will also give directly the parts of 
calcium carbonate per 100,000. 

It should be noted that methyl orange is unaffected by the 
presence of carbonic or other very weak acid, so that the 
titration of the water in presence of this indicator may give an 
erroneous idea as to the absolute alklilinity or acidity of the 
water. As this is a matter of considerable importance in con¬ 
nection with the plumbosolvent action of a water, a method 
has been devised for the determination of the absolute acidity 
or alkalinity of a water. In this method solutions of disodium 
hydrogen phosphate, NajHP04, which contain hydroxyl’ions 
in excess, and monopotassium hydrogen phosphate, KHjPO^, 
which contain hydrogen ions in excess, are mixed in known 
proportions. A mixture of the two solutions is prepared 
whiclT gives the same colour with the indicator, a’zolitrfiin, as is 
obtained with this indicator and the water under examination. 
From the relative volumes of the two pho'sphate solutions 
required it is possible to determine not only whether the 
water contains hydroxyl or hydrogen ions in excess? but to 
obtain a measure of the excess of either. For details of the 
method see “ Quantitative Analysis ” by Gumming and Kay 
^Gurney & Jackson). 

Determination of Permanent Hardness by Hehner’s 
Method. 

By boiling some of the water unde!t examination wffh 
excess of a solution of sodium carbonjite, all the hafdness is 
removed, the temporary hardness by, merely boiling and the 
perijianent hardness by interaction of the calcium or mag¬ 
nesium sulphate with tHfe sodium carbonate, witji the precipi. 
tation of calcium or magnesium carbonate.* 

*See, however, note on page ^7, 



DETERMINATION OF HARDNESS, 




In order to determine the permanent hardness, therefore, 
it is necessary to find out how much sodium carbonate is re¬ 
quired by a given voluflje of watqf for this precipitaticm.^ 

Prom thp equation 

CaS®4 + NajCOj -»■ Na 2 S 04 + CaCOj 
*t will be seen that i gm. molecule of sodium carbonate is 
equivalent to i gm. molecule of calcium carbonate, i.e. lOO 
gms. CaCOj. 

I gm. molecule of sodium carbonate is contained in 2 litres 
of N . NajCOj solution or 20,000 c^c. of N/io sodium carbonate 
solution. 

20,000 c.c. N/ioNa2C03 solution = 100 gms. CaCOj. 
Hence i c.c. N/ioNa^COs solution is equivalent to 0'005 gm. 
CaCOj, or, every c.c. of N/loNa^COs solution required for 
removal of the perma^ient hardness corresponds to 0'005 gm. 
CaCOj as permanent hardness. 

It should be noted that although permanent hardness is 
due to the presence of calcium sulphate etc., it is expressed 
as parts of calcium carbonate per 100,000. 

If 250 C.C. of water are employed for the test and if I c.c. 
of N/loNajCOj solution is required for removal of the per¬ 
manent hardness, 2 50 c.c. of water contain calcium^ sulphate 
etc. equivalent to 0-005 gm. CaCOj. 

.-.,100,000 parts of water contain calcium sulphate etc. 

equivalent to ^ = 2 parts GaCOj, 

250 

or each c.c. of N/ioNa-^COj solution required to remove the 
permanent hardness from 250 c.c. of water corresponds to 
2 parts of CaCOj as permanent hardness. 


Measure out 250 c.c. of thj water under examination into 
a flask, add 50 c.c. of N/io sodium carbonate solution and 
boil vigorously for half an hour. 

• Filter into a 250 c.c. graduated flask, wash with boiled 
distilled water and pour* the washings through the filter paper. 
Cool the solution and dilute td 250 c.c. with distilled water? 

Titrate 50 c.c. of the filtrate with N/io hydrochloric acid, 
using methyl orange as indicator. * Repeat the<titration twice, 
■ and take tlje mean of the 15 st two readings, 
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Calculate .the volume of N/io hydrochloric acio requirea 
for 250 C.C. of the solution. 

•.Since i c.c. of N/ioHCl = i c.c.,,N/ioNajCOj solution, 
and ^ c.c. ot N/ioNajCf), 'kere addei to the 250 c.c. of water, c 
50 c.c. Jess the volume of N/ioHCl used for the 250 c.c. of 
solution = volume of N/ioNajCOj used for the removal of the 
permanent hardness from 250 c.c. of the water. 

This volume x 2 = permanent hardness of the watgr, ex¬ 
pressed as parts of CaCOj per 100,000 (see p. 27). 

Example :— 

250 C.C. 'of water were boiled with 50 c.c. N/ioNajCOj 
solution for half an hour. 

After filtering, washing the precipitate, cooling the solu¬ 
tion and diluting to 250 c.c., 50 c.c. of the solution required 
9'4 c.c. (mean) of N/ioHCl. 

.-. 250 c.c. would require 9’4 x 5 = 47'0 c.c. 

Volume of N/ioNajCOg solutiorf required for removal 
of the permanent hardness = 50 “ 47 = 3 C'C- 

I c.c. N/ioNajCOs solution = 0‘005 gm. CaCOj. 

.'. 3 C.C. „ ,, 0015 „ ,» 

.-. In 250 C.C. of the original water the permanent hardiKss 
corresponds to 0 ' 0 i 5 gm. CaCO,. 

.-. Irij 100,000 of the original water the permanent hard- 

n£ss ccrresponds to- - -- o parts 

250 

This result is'also obtained, as indicated above, by multi¬ 
plying the volume of the sodium carbonate solution by two. 

THE ACTION OF WATER ON LEAD. 

The action of water on lead is probably due to the presence 
of dissolved oxygep in the water; By the action of oxygen 
anditater on the metal, lead hydroxide, Pb(OH)j, i* formed 
which is appreciably soluble im water, 

2Pb + 0 , + 2 H ,0 -»• 2 Pb( 0 H)j. 

Lead carbonate is less soluble in water than lead hydroxide, 
so that the presence of calcium bicarbonate in the water very 
Idl^ely prevents the continued action'of the water on lead, 
owingk to the formation of a protective layer of basic lead 
carbonate on Ae surface of the metal. 

■ Th^quesjion of the action of & natural water.on lead is, 
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however, ll complex one in view of the large num^ber of factors 
involved, but owing to the poisonous nature of laad compounds 
and especial^ in view of the cumulative nature of the poisc^n, 
the investigation of the'action of *ater on lead is*a matter of 
*some considerable importance. 

• 

• In order to illustrate the action of water on lead, place 
strips of freshly scraped lead foil in Nessler cylinders contain¬ 
ing (ay distilled water, (b) water under examination, (c) distilled 
^water to which a little sodium bicarbonate has been added. 
^Allow these to remain in contact with the water for about a 
quarter of an hour. Remove the Itad and test the waters for 
the presence of lead compounds by the addition of a little 
dilute acetic acid, to dissolve lead compounds in suspension, 
and a solution of sulphuretted hydrogen. A dark coloration 
due to the presence of lead sulphide will be obtained in a (dis¬ 
tilled water), but probably not in b (water under examination) 
or c (distilled water to which sodium bicarbonate has been 
added). 

The amount of lead taken up by a water under standard 
conditions can be determined by means of an apparatus’ 
described by Thresh ioc. cit. 

A very soft water (upland surface water from peat) often 
has a pronounced action on lead owing to the prejence of 
■organic acids in the water, and it is sometimes necessary to 
treat siich a water with calcium carbonate to counteract thft 
plumbosolvent action. 

It should he noted that the action of \later on lead is 
either of a solvent, or of an erosive nature, or of both. *In the 
former case the lead compounds remain in solution, in the latter 
most of the lead compounds remain in suspension in the water. 

The presence of sulphates and chlorides in a water often 
tends to- increase its plumbosolvent action, as lead sulphate 
and chloride are more soluble than lead carbonate. » 

A wAer often has an initial action on new lead, but tKe 
surface of the metal rapidly becomes covered with a protective 
layer of a compound of lead and no further action is observed^ 

For further infflrmation as to the action of water on lead, 
s?e article on “ Watq:” In Thorpe’s “Dictionary of Appljfd 
Chemistry ” (Longman^. 

The Determination of Lead in Wa^er. 

In the absence of other* metals which give a precipitate 
with sulphuretted hydrogen (see p. 31) this can be cy;n^ out 
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colorimetrically, by matching the colour obtained 4after the 
addition of a ^plution of sulphuretted hydrogen to a measured 
volume of the water after evaporation, with that obtained with 
i ^olptfon of lead acetate ot known colicentration. 

Solutions Required:— 

1. A solution of lead acetate of which 

I c,c. = o’oooi gm. of lead. 

From the relation 

Pb.-PbfCH.COO).. 3 H ,0 

207 207 + 118 + 54 

it will be seen that 207 parts of lead are contained in 379 
parts of crystallised lead acetate. 

.•. O'OOOI part of lead are contained in^^xo’oooi 

207 

= 0'000i 83 gm. of cvystallised lead acetate. 

.'. I litre of the solution required should contain O'183 gm. . 
of crystallised lead acetate, Pb(CHjC00)2 • 3H2O. 

Weigh out this amount of lead acetate, dissolve in recently 
boiled distilled water containing a few drops of acetic acid and 
dilute to l litre. 

2. A freshly prepared aqueous solution of sulphuretted 

hydroget. ' 

Determination .—Evaporate 250 c.c. of the water under 
examination* to about 30 C.C. ' ' 

Pour the water into a Nessler cylinder and wash the vessel 
twice with distilled water containing a little acetic acid to 
dissoWfe any lead carbonate which may have been formed. 
Pour the washings into the Nessler cylinder and dilute to 
50 c.c. 

Add 2 C.C. of the freshly prepared aqueous solution of 
golphuretted hydrogen and stir the contents of the cylinder 
\mtjj,a glass rod. ' 

Into three other Nessler cylinders measure out 0'5, i 'O and 
rj c.c. of the standard solution of lead acetate. Dilute each 
Elution to 30 c.c, and treat with 2 c,c, of sulphuretted hydrogen 
solution. 

Compare the colours obtained with that obtained with the 

It is unlikely that the water under examination will contain lead. It is there¬ 
fore advisable to add a measured,voIume,*for example x c.c., of foe standard lead 
acetate solution to 250 c.c. of distilled water and to determine foe lead in this 
solution, in addition to carrying out foe teshon tap water. 



31 


DETERMINATipN OF LEAD 

water und6r examination, and vary the amount of the standard ‘ 
solution of lead acetate employed until the coloij^s are exactly 
matched. * 

E^ch c.c. of the standard solution of lead acetate = 6‘9o6i' 
gm. of lead, so that if 250 c.c. of origrtial water require i c.c. 
of the standard swlution for matching, 250 c.c. of water contain 
o'oooi gm. lead. 

. o'oooi X 100,000 

.’. roo,ooo parts contain- 

= 0-04 part of lead. 

Calculate the amount of lead paesent per 100,000 of water. 

In a water used for domestic purposes, in view of the 
cumulative nature of lead poisoning, this metal should be 
entirely absent. 

In addition to its action on lead, a natural water often has 
a pronounced action or^ iron, copper and zinc. These metals 
may be tested for by the ordinary processes of qualitative 
analysis, after evaporation of a large volume of the water to a 
small bulk. The usual method, however, of distinguishing 
between small quantities of lead, copper and iron in water is*' 
to precipitate with colourless ammonium sulphide (prepared 
by passing sulphuretted hydrogen into a dilute solution of 
ammonia). The coloration due to ferrous sulphide is removed 
on addition of dilute hydrochloric acid, and that due to copper 
sulphide by the addition of a solution of potassium cj{anid(j, 
wh^eas lead sulphide is unaffected by either treatment. 

In the absence of lead, copper may be dStermined colori- 
metrically as cupric ferrocyanide, Cu.2Fe(CN)j, and iron a« ferric 
thiocyanate, Fe(CNS)3. 

. OXYGEN DISSOLVED IN WATER. 

In connection with water analysis a determination of th*e 
amount •f oxygen dissolved in water is sometimes carried •ent. 
This determination is of importance in connection with the 
problem of the disposal of sewage. 

The princi!t)\e gf the method is as follows;— 

• The water, after<ipreli)pinary treatment to remove reducing 
agents, is treated wTth‘mangjripus chloride in presence*of 
potassium hydroxide afld potassium iodide. The manganous 
oxide is converted into a higher oxide of manganese bjf the 
oxygen preSent in the water^ which then liberates iodine from 
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potassium iodide, the amount of which is determine? by titra¬ 
tion with a standard solution of sodium thiosulplj^ate, 

Q (from oxide of manganese) + 2KI^-l- HjO -> 2KOH + 
From tl?e amount of^sofiium thioAilphate solution re^uired^ 
the ampunt of oxygen present in the water may “be calculated. 
For details of the method see “The Examifiation of Waters 
and Water Supplies,” by Thresh (Churchill). 



Chapter II. 

-WATER-SOFTENERS AND "SODA” SUBSTITUTES. 

• 

“ Alkali ” in some form or othfer is used extensively for 
softening water and also as a detergent, both in laundry work 
and for various household purposes. 

The form in which it is most usually employed is as 
" washing-soda ” (NajCO,. lOHjO), but preparations of water- 
softeners and soda sub»titutes can now be obtained in great 
variety. 

A chemical analysis of such preparations is of great value 
in determining how far they are suitable for the purposes for 
which they are sold. 

Sodium carbonate is as a rule the chief constituent of such 
preparations, and on examination they are usually found to 
contain'one or more of the following substances ;— , 

Sodium Carbonate (NajCOJ, either anhydrous or in various 
hydrata forms such as: Na^COj.HjO (crystal carbonate)* 
Na^COa. sHjO; Na^COa. 7H2O ; NajCOa. ijoHaO (washing- 
soda); and NaaCOj.NaHCOj.2H2O (sodium sesquicarbon- 
ate). 

Sodium Bicarbonate (NaHCOj). 

Sodium Silicate (Na-SiOj), usually present in a hydrated 
form. 

Borax (NajBjOj . loHjO), sometimes also sodium 
perborate (NaBO,. qHjO). • ^» 

Caus/tc Soda (NaOH), not often found, since evenTT 
originally present it is rapidly converted into NaHCOj on ex¬ 
posure to atmospheric carbon dioxide. 

^ Ammonia (NHjOH), in solutions only. 

Th^ reactions of fhej substances mentioned abovp ha^e 
already been dealt with, in the cfdinaiy’ course of qualitativ* 
analysis, but before undertakijig the examination of a ^ter 
softener it is advisable to make a rither more (jetailed study 
of the reactions of these alkalis. 

■ - ( 33 ) 
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iteactions of the Common Alkalis. 

■Prepare a solution in water of each of the abo^e-mentioned 
klkalis' treaV portions of each solution with the follow^g re¬ 
agents (using a fresh pbrtion of solution for each test): (of 
hydrochloric acid, (d) silver nitrate, (c) mercuric chloride, and 
note the following reactions :— „ 



SubatADcc to be Tested. 

Rekgent. 

Caustic 

Soda. 

Sodium 

Carbonate. 

f 

Sodium* 

Bicarbonate. 

Borax. 

Sodium 

Silicate. 

Hydrochloric 

acid. 

— 

Evolution 
of CO.^. 

Evolution 
oi CO2. 

See note (3). 

Gelatinous 

precipitate 

of 

HaSiOj, (i). 

Silver 

nitrate. 

Brown 

precipitate. 

White 

precipi¬ 

tate. 

White 

precipi¬ 

tate. 

White precipi¬ 
tate turning 
brown on 
heating (z). 

White 

precipitate. 

Mercuric 

chloride, 

-(- 

Yellow 

precipitate. 

Red-brown 
precipi¬ 
tate of 
basic salt. 

No pre¬ 
cipitate at 
first, red- 
brown on 
standing. 

Red-brown 

precipitate. 

Red-brown 

precipitate. 


, Note. —(i) The solution of the silicate should be moderately 
strong and a few drops of concentrated hydrochloric acid 
should be added. 

(2) A white precipitate of silver metaborate (AgBOa) is 
first formed, which on heating, or on considerably diluting with 
water, becomes hydrolysed with the formation of silvef oxide 
(Ag, 0 ). 

(3) If hydrochloric acid is added to a concentrated solution 
df borax a white precipitate of boric acid is obtained, but in 

dilute solutions the boric acid is not precipitated. 

The following reactions should also be carefully noted :— 

Reactions of Carbonates and Bicarbonates .—A solution of 
sodium bicarbonate, made in the cold, gives,,off carbon dioxide 
on heating—(test for the presence of this gas with lime.water); 
Oe the addition of magnesium sulphtfte to a solution con¬ 
taining a carbonate a whi^e precipitate of basic magnesium 

* Solutions which aie to be tested for bicarbonate should always be made in 
the cold, since on‘beating the following reaction takes place;— 

aNaHCO, -► Na,CO, + HjO + CO,. 
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carbonate is obtained immediately, but on th» addition of 
magnesium wlphate to a solution containing sodium bicarbon¬ 
ate no precipitate is obtained until^the solution is ^iled a . 

, ’It^hould be noted that solutions containing both carbo’nate 
and bicarbonate usually give a red-brown precipitate with 
mercuric chloride (indicating the presence of carbonate) and no 
precipitate with magnesium sulphate until the solution is boiled 
(indicating the presence of bicarbonate). 

Reactions of Sodium Silicate .—A gelatinous precipitate 
jjSiOj) is obtained on the addition of ammonium chloride 
*♦0 a solution of sodium silicate, the precipitate being often 
more readily obtained by this means than by the addition of 
hydrochloric acid. 

In this reaction the ammonium silicate first" formed is hy¬ 
drolysed by the action of water giving ammonia and silicic 
acid thus 

Na^SiOj + 2 NH,C 1 (NKJ^SiO^ + 2NaCl 
(NHJjSiO, + 2H2O HjSiO, + 2NH4OH. 

As a confirmatory test a portion of the solution should be»" 
evaporated to dryness with hydrochloric acid and the formation 
of an insoluble residue (SiO^) noted. 

Reactions of Borates .—In addition to the reactions given 
above the presence of borate is indicated by the fdllowing 
tests:— 

(1) 'Acidify the solution with hydrochloric acid, dip a piece 
of turmeric paper into the solution and carefully dry the paper. 
In the presence of a borate the paper turns orange-brovji and 
this colour changes to bluish-green when the paper is moistened 
with sodium hydroxide or ammonia. The test may also be 
made using an alcoholic solution of turmeric as in testing for 
boric acid in milk (see Vol. II.). 

(2) Mix some borax with a few drops of concentrated sul¬ 
phuric ac^d and a little alcohol in a porcelain dish. Igimi* 
the alcohol and observe that th^ flame becomes tinged with 
green. 

Ammonium Hydroxide .—Ammonia is usually detected by 
it'', smell and by the fact that the solution on heating gives off 
a gas which turns trtbistened red litmus paper bliffe arid 
turmeric paper brown, * 
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METHODS 6f EXAMINING WATER-SOFTENERS 4ND SODA 
SUBSTITUTES. 

These preparations lare usually obtained in the fdl'm off 
lumps 6r powder, which dissolve readily in,>vater. A small 
amount of insoluble matter, chiefly grit etc., is sometimes 
present; this should be filtered off and the filtrate then testeS 
as described below. 

Other preparations, sold as “cleansers” and “scourers,” 
often contain a considerable amount of grit and sometimes',' 
soap in addition; these, hpwever, will be dealt with later (serf 
p. 74 ). 

A portion of the substance (if a solid) should be dissolved 
in water or, if a liquid, diluted with water and portions of the 
solution treated with (a) hydrochloric acid, (i) silver nitrate, 
(c) mercuric chloride. This, as indicated above, should give 
some idea as to the nature of the alkali or alkalis present. 

If carbonate is present further tests should be made in 
order to ascertain whether the normal carbonate or the bicar¬ 
bonate, or both, are present. 

Portions of the solution should also be tested for borate 
and silicate. 

If the substance is stated to have bleaching propertjps some 
oxidisirfg agent, e.g. perborate or sodium peroxide may be 
present. 

In this case a portion of the solution should" be acidified 
with dilute sulphuric acid and a few drops of a dilute solution 
of potassium permanganate added. If the permanganate is 
decolorised an oxidising agent is present. If borate is also 
found it may be assumed that perborate is present, but this 
subject is dealt with more fully under “Bleaching Agents,” 
gage 149. 

, In addition tq the alkaline substances already dealt with, 
■fftSer softeners sometimes contain small quantities pf neutral 
salts, e.g. chloride and sulphate. 

Portions of the solution should therefore be tested for the 
presence of these substances. 

* 

(^anStative Examination, of ‘“Water Softeners” and 
“ Soda*Substitutfes 

t ^ • 

It is impassible to obt'ain any real comparison of the .relative 
moriU of various preparations under consideration unless some 
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information is obtained as to the quantities of, the principal 
const! tuentapresent. * 

A qualitative analyses on the lines indicated ^ove.shoyld 
.first be made, and the quantities of liie principal constitfients 
present can then be determined by the ordinary processes of 
quantitative anafysis. 

* The methods to be used will, of course, vary with the nature 
of the, substances present, but since, as already pointed out, 
siiih preparations usually contain sodium carbonate, either alone 
or in addition to one or more of the alkalis mentioned above 
(p. 33), the determinations can, as a rule, be carried out in 
the following manner;— 

Weigh out accurately 2-3 gms. of the substance, dissolve 
in water, filter off any insoluble matter, and dilute to 250 c.c. 
in a graduated flask. 

Determination of Sodium Carbonate .—If the substance con¬ 
tains sodium carbonate*only, titrate 25 c.c. of the solution with 
decinormal acid (using methyl orange as indicator) and calcu¬ 
late the percentage of sodium carbonate present in the sub¬ 
stance. (i c.c. N/io acid = 0 0053 gni- Na^COj.) 

Determination of Sodium Carbonate and Sodium Bicarbonate. 
—If both sodium carbonate and bicarbonate are present the 
quantity of each present may be determined by titrating 25 c.c. 
of the solution with decinormal acid, using first phenoljJhthalein 
and then methyl orange as indicator. 

It Aould be remembered that phenolphthalein give^a pink 
coloration with normal sodium carbonate, bul*not with sodium 
bicarbonate. 

The method depends upon the fact that when sodium 
carbonate is acted upon by acids the neutralisation takes place 
in two stages— 

Na2C03 + HCl->NaCl + NaHCOg ist stage. 

NaHCOj + HCl->NaCl + HjO + CQj 2nd stage. 

When half the volume of acid required for complete neutral¬ 
isation of the carbonate is ad 5 ed the sodium carbonate is 
entirely converted into bicarbonate. If, therefore, a solution' 
. containing sodium^arbonate and sodium bicarbonate is titrated 
with detinormal acid, ,usijig phenolphthalein as indicator, tije 
disappearance of the pink coliJuf will show when half the 
volume of acid required to neutralise the sodium carbonate has 
been added. 

If methyl oranee be then»added and the titration continued 
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until all the, alkali present has been neutralised, this second 
titration gives a measure of the volume of aci^ required to 
cqmplfte thf neutralisation of the carbpnate (i,e. half the volume 
reqirired for complete neutralisation) together with that re-, 
quired.for the neutralisation of the bicarbonate originally 
present. 

Since the volume of acid required to half-neutralise thfe 
carbonate is given by the first titration, the volume of acid 
required for the neutralisation of the bicarbonate is obtained by 
difference, and is equal to the volume of acid required for thei 
second stage of the neutralisation, less that required for the" 
first. It is also equal to the total volume of acid required for 
neutralisation, less twice that required for the first stage. 

This method in which two indicators are employed is not 
one of very great accuracy, since the disappearance of the pink 
colour of the phenolphthalein on the conversion of the carbon¬ 
ate to bicarbonate does not form a vtry sharp end point. If 
certain precautions are taken, however, the method gives 
results of quite sufficient accuracy for most practical purposes. 

, The acid should be run in slowly and well mixed with the 
solution so as to avoid any local excess of acid, or some of the 
sodium carbonate may become completely neutralised, with 
the consequent liberation of carbon dioxide during the first 
stage of the titration, and inaccurate results will be o'btained. 
For this reason also the titration is best carried out in a 
dish, the contents of which are kept well stirred with'a glass 
rod. The tip of the burette should be lowered close to the 
surface of the liquid, and the acid should be run in slowly 
down*^the glass rod so as to avoid any splashing and the con¬ 
sequent liberation of carbon dioxide. 

The following example shows the method of calculation:— 

2'5 gms. of a powder containing sodium carbonate and 
MM^ium bicarbonate were dissolved in water and th^ solution 
made up to 250 c.c. 

25 C.C. of the solution were titrated with decinormal acid. 

Volume of acid required to discharge pipk colour of phenol¬ 
phthalein = 8-5 c.c. N/io acid. 

Methyl orange was theq added and'the volume required to 
complete neutralisation = i8'6 c.c. Nfio acid. 

Volume of acid required to'neutralise sodium carbonate in 
25 c.c. solution = 8'5 X 2 = ly'o c.c. 
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VolunSe of acid required to neutralise sodiuq^ bicarbonate 
in 25 c.c. sojution = i8-6 - 8-5 = lO'i c.c., 
or total acid 27-1 c.c. less 2 x 8'S = lO'i c.c. 

FB3m the equations 

NajCOjH- HjSO^^Na^SO, + HjO + CO,, . 

106 gms. g8 gms. 

53 „ 49 .. (or I litre of N. HjSOJ 

and . 2NaHC03 + HjSO,->Na,SO, + 2H,0 + 2CO, 

2 X 84 gms. g8 gms. 

’ 84 „ 49 „ (or I litre of N. H^SO,) 

*it will be seen that, t 

I c.c. of N/io acid = 0-0053 gm. sodium carbonate 
and I C.C. ,, „ „ =0-0084 ,, „ bicarbonate. 

.-. Weight of sodium carbonate in 25 c.c. solution 

= 17-0 X 0-0053 gms. 

or weight of sodium carbonate in 250 c.c. solution 

= 17-0 X 0-0053 X 10 gms. 
.-. Weight of sodium carbonate in 2-5 gms. powder 

= 17-0 X 0-0053 ^ logms.. 
Weight of sodium carbonate in too gms. powder 

= 17-0 X 0-0053 X 10 X 40 
. = 36-0 gms. 

Similarly weight of sodium bicarbonate in 100 gms. powder 

• „ ^ 

= lO-i X 0-0084 X icTx —— 

= ^ gms. 

Quantitative Analysis of Mixtures Containing Carbonate, 
Borate and Silicate. 

If sodium silicate or borate, or both, are present in additioji 
to sodium carbonate the total alkalinity shquld be determin^ 
as NajOf by titrating 25 c.c. of the solution (prepared as*Tie» 
scribed on p. 37) with decinorrtal acid, using methyl orange 
as indicator. 

From the equation 

NajO 4, H;SO, -»■ NajSO, + HjO 

62 gms. gg gms. • • 

31 ,, 49 . 

it will be seen that i c.c. N/io acid = 0-0031 gm. NajO. 

The^quantities of SiOj, BjOj and CO, present can then be 
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determined Ijy the ordinary processes of quantitatiVe analysis 
as described below. 

^ 'Determination of Silica (SiOj).—Weigh out accurately 
about I gm. of the subsjanie into a porcelain dish and qjoisten 
with water.* Place the dish, covered with a clock glass, on 
a water bath; then gradually add concentrated hydrochloric 
acid through a small opening, left by drawing aside the clocric 
glass, and stir the contents of the dish with a glass rod. 

As soon as the powder is completely decomposetf, which 
is known to be the case when no gritty particles can be felt* 
with the rod, remove the clock glass, wash it with distilled' 
water, allow the washings to fall into the dish and eva¬ 
porate the solution to dryness. Stir the residue well and 
when quite dry add more hydrochloric acid and again evaporate 
to dryness. 

Add hot water to the residue, stir well, allow the solid to 
subside and decant the liquid through>>a filter. 

Wash the residue (Si02)two or three times by decantation, 
then transfer it to the filter, wash with hot water, dry and 
ignite. 

From the weight of silica thus found the percentage of 
silica may be calculated. 

Detfrmination of Boric Anhydride (BjOj).—When* sodium 
hydroxide is added to a solution of boric acid the acid is 
{)artiaily converted into sodium metaborate (NaBOj). Sodium 
borate is, however, appreciably hydrolysed in .solution, and 
the reaction is therefore a reversible one and may be repre¬ 
sented thus •— 

HjBOj -I- NaOH NaBOj -I- 2H2O. 

For this reason free boric acid cannot be titrated by itself, 
J)ut if a sufficient qu.antity of glycerol (or mannitol) is added 
tp the solution, .hydrolysis is prevented, and when sodium 
^j^roxide in excess of that required to neutralise *the boric 
acid is added (i molecule NsOH is equivalent to i molecule 
I HjBOj), the solution, in the presence of phenolphthalein, 
changes from colourless to pink. c 

This method only gives accurate results when the eolutidS” 

absolutely free from carbqpate. * In* the case of mixtures 

Mf the powder contains insoluble matter, i.e. grit, it should be disscdved 
in water and th^ solution iilterdd to remove the grit. The residue should ‘be 
w^ed with hot water and the filtrate and,washings evaporated to dryness with 
hydro^oric Acjflf as described. 
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containing both carbonate and borate the deterqiination can 
however, be satisfactorily carried out a$ followst— 

Deternjine the total amount of alkali present (as describee 
on p. g9) by titrating 25*c.c. of th6 sylution with'decinoma 
acid. Boil the neutralised solution for a few minutes t9 expe: 
carbon dioxide,“cool and add decinormal caustic soda until 
the pink colour of the methyl orange (a little more of which 
should ^be added if necessary) just assumes a pure yellow 
tinge. At this stage boric acid will exist in a free state. 

Add glycerol in such proportion that the total solutior 
^fter titration will contain at least 30 per cent.,t then add a 
few drops of phenolphthalein and titrate with decinormal 
caustic soda until a pink coloration is produced. 

This gives the volume of decinormal soda solution required 
to neutralise the boric acid, and from this the percentage of the 
acid can be found. 

From the equations* 

F2O3+ 3 H 20 -»- 2 H 3 B 03 . 2H3BO3 + 2Na0H-»2NaB02 + 4H2O 

70 gms. 2 X 62 gms. 2 X 40 gms. 

' 35 » 62 „ 40 „ 

(or I litre. N . NaOH) 

It will be seen that 

, I C.C. of N/ioNaOH = 0-0062 gm. H3BO3 
= 0-0035 gm. B3O3. 


Determination of Carbon Z>rW*.—When a carlTonate 
^ is acted upon by dilute acid, carbon 
dioxide is given off, and the quantity ^ 

of carbon dioxide present may be 
found by determining the loss in 
weight of the substance during the 
reaction. This process may be con¬ 
veniently carried out in the appar¬ 
atus showjji in the diagram, Fig. 3. 

It consists of a small wide-ne(J<ed 
flask fitted with a two-holed rubber 
stopper. The stopper carries a 
.,«lraight.glass tube* A which passes 
nearly to the bottom‘ofl the flask 
and a small calcium chloride tube’B. 

be '* “• voIatUe in steam, therefore prolonged boiling sSould 

o™rwise some of the boric acid will be lost • ® 

repla^ jor‘SJlheTattJ.”‘“^ ^ 
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are fitted wiffi short pieces of rubber tubing, which' are closed 
with small lengths of glass rod with rounded en^. 

, ■ T^e dibjte sulphuric acid required for the decomposition 
of the carbonate is pl4ced in a small tube C, which is held 
obliquply by the thin thread supporting it 

The empty flask is first weighed. 

Weight of flask «= Wj. 

About t gm. of the solid is introduced into the flUsk and 
the flask again weighed = Wj. ^ 

Then Wj - Wi = weight of substance used for experiment. 

The small tube is filled with dilute sulphuric acid, and the 
apparatus then fitted up ready for use, as shown in the diagram, 
and weighed (without the caps). 

Weight of apparatus ready for use = Wj. 

The tube A is then closed by means of the cap and the 
acid is caused to flow over the carbonate by tilting the flask, 
so as to cause a gradual evolution of carbon dioxide. When 
all the acid has been poured from the tube and the efferves- 
• cence has ceased, the flask is warmed. The cap on A is re¬ 
moved and a slow stream of air is drawn through the flask 
and drying tube (by means of a water pump attached to' the 
calcium chloride tube B) to displace the carbon dioxide. 

The tubes A and B are then closed by means of the caps 
»and the apparatus when quite cold is weighed again (without 
the caps). 

Weight of apparatus after the experiment = W4. 

f 

Then Wj - W4 = loss in weight of apparatus due to the 
evolution of COj; or, the weight of COj evolved from 
Wj - Wj gm. of powder. From this the weight of COj 
evolved from 100 .gras, can be calculated. 

€ 

Determination of Carbon Dioxide by Means of a Nitro¬ 
meter. —The percentage of (»rbon dioxide can also be deter¬ 
mined by measuring the volume of gas evolved on treatment 
with dilute acid. 

This process may be carried out in ^ Lunge Nitrewneter.*" ■’ 

Lhnge Nitrometer. —A flijigram'of'the apparatus is shown 
in Fig. 4. It consists of a measuring tube A graduated from 
0-56 c.c. and fitted at,the t6p with a two-way tap B, by 
ipeans of which A'can be connected either with the ftinnel F, 
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which is open to the air, or with the capillary si^e tube C to 
which is attathed, by means of a piece of rubbei»pressure tub¬ 
ing, the flask D containing a small glass tube E.^ D qpd' f 
J:ogeth*r contain all the necessaiV ije- - • 

agents for generating the gas of which 
the volume is to Re measured. 

• The other end of the measuring tube 
A is connected by a flexible rubber tube 
with a glass tube P, known as the pres- 
•eure tube. 

» To fill the nitrometer with mercury 
or other suitable confining liquid **turn 
B so that A is open to the air; pour the 
liquid into the pressure tube P and raise 
this tube until the liquid fills A. Then 
adjust the height of P so that the liquid 
is at the same level in*both tubes and 
stands at about the i c.c. mark in A. 

Close the tap B. 

If mercury is used as the confining 
liquid the apparatus must be supported over a mercury tray. 

Note. —The nitrometer is graduated to measure 50 c.c. of 
gas and the amount of substance used should be such that not 
more tlfan 30-40 c.c. of gas are given off under ordinary 
atmospheric conditions. 

The equation 

NajCOa + H2SO4-> NajSOi + H2O+ COj 

106 gms. 44gins. , 

(22-4 1 . at N.T.P.) 


Fig. 4. 


shows that 106 gms. of anhydrous sodium carbonate would 
liberate 22'4 litres of gas (at N.T.P.) or 0'io6 gm. would 
liberate 22’4 c.c. So that in the case of a preparation whicl> 
contains only a proportion of sodium carbonate, 0'2-0'5 gn». 
should yfeld a volume of gas which can be conveniently^ 
measured in the nitrometer. * 

If this quantity is found to give only a small reading 
^another experimenft using a larger quantity should be made. 
To Determine the J^mcfint of Carbon Dioxide in a “ ^ate[- 
Softener”. —Fill the nitrometer wfth brine. Weigh the flasl* 


* Confining liguid.—Tht confining "liquid which should be used depends on 
the nature and solubility of the gas to be coilected. For carben dioxide brine 
shouid be used, as the eas is less solilble in this than in water. 



appued.chemistry 


44 

D, introdu(;e a small quantity of the powder, 6'2-O'S gm., 
into the flask and weigh again. 

, ■ F^ll t^ small tube T with dilute sulphuric acid and sus¬ 
pend in D by a ,±hi'ead, so that it stands obliquely ip 
the flqsk without touching the stopper and without slipping 
into a horizontal position (see Fig. 4). Attach the flask D 
to the capillary tube C by means of the rubber pressure 
tubing. 

Turn B so as to connect D with A. As a rule, owing to a 
slight compression of the air in D, the level of liquid in A falla 
through a short distance. In this case adjust the height 
P until the level of liquid*in the two tubes is again the .same; 
the air in D will then be at atmospheric pressure. 

Read the level of the liquid in A. 

In order to test whether the apparatus is gas tight, lower 
the pressure tube P so that there is a difference of about eight 
inches between the level of the liquid in this tube and that of 
the liquid in the tube A After about two minutes raise the 
tube P so that the level of the water in it is the same, as that 
in the tube A. If the apparatus is gas tight, the volume of 
air in A will be the same as before. If this is the case, lower 
the tube P slightly and tilt the flask D gently so as to bring 
the acid into contact with the powder. As the gas is evolved 
gradually lower P, so that the level of the liquid in this tube 
is always slightly lower than the level of the liquid in A ; in 
*this way unnecessary pressure in the apparatus is avoided. 

When the i;eaction is complete (i.e. no further alteration 
of the level of the liquid in A is observed) raise P until the 
level* of the liquid in the two tubes is again the same and 
allow the apparatus to stand for about half an hour,,jn order 
to ensure that the gas is at room temperature. 

Read off the volume of the gas in A, after finally adjusting 

• the levels of the liquid in A and P. This reading, minus the 
first reading, givfcs the volume of gas evolved during the reac¬ 
tion, measured at atmospherjc temperature and pressure. 

Note the barometric pressure and the room temperature 
and correct the volume of gas to 0° C. and 760 mm. pressure. 

Calculate the weight of this volume ofcarbon dioxide, amL. 
^enca find the percentage of carlfcn* dioxide liberated from 

• the powder. 

Example. —0-30 gm. of a water-softener gave 30'6 c.c. of 
carbon dioxjde measured at 761 mm. pressure and 17° C. 

4 (The tension of aqueous vapbur at 17° C. = I4'4 mrii.) 
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The volume of gas corrected to o° C. and 760 mm. pressure 
273 761 - I4'4 , ‘ 


3°'^^^73 + i 7 ^ 760 

, , 273 746-6 ” 

= 30-0 X- X —2— 

290 760 

= 28-3 c.c. 

Since 22-4 litres of COj at N.T.P. weigh 44 gms. 

22-4 C.C. „ 0-044 gm. 

Thus the weight of carbon dioxide liberated from 0-3 gm. 
28 3 X 0-044 


of powder = 


22-4 


and the weight of carbon dioxide in 100 gms. 

28-3 X 0-044 X 100 

=-= 18-5 gms. 

22-4,xo-3 ^ ® 

The powder contains 18-5 per cent, of carbon dioxide 


Determination of Moisture ,—If the substance is a solid the 
percentage of water present can be determined in the usual 
manner, i.e. by weighing out 2-5 gms. of the substance and 
drying to constant weight over a burner. 

It sheuld be noted that if sodium bicarbonate is present, 
there will be a loss in weight on drying due to its conversion 
into sodium carbonate, and unless a correction is applied this* 
loss will be returned as moisture. 

2 NaHC 03 Na^COj + H^O + CO^ 

2 X 84 18+44 

2 X 84 62 

84 31 

Thus on 84 gms. of sodium bicarbonate there would be a 
loss on heating of 31 gms. 

Hencelf the percentage of sodium bicarbonate has already" 
been determined (see p. 37), this figure multiplied by fj will 
give the correction which should be subtracted from the per- 
_ cen tage loss on drying, in order to obtain the percentage of 
-moisture in the powder. 

Discussion of the Results. 

A discussion as to the relative suitability of the different 
alkalis for laundry and other*purposes will be dealt with in 
the course of lectures. 
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It may, however, be noted here that no universal water- 
softener can be considered satisfactory, since thfc nature and 
quanlsty oft die reagents u^ed for softening should depend, as 
shown below, on the type of water to be dealt with, ai?d also, 
that preparations containing considerable quantities of sodium 
silicate are unsuitable for laundry work. 

** CALCULATIONS AND EXPERIMENTS RELATING TO THE 
SOFTENING OF WATER. 

As the gallon is still used as the standard measure ojf 
volume in most laundries) it is convenient for this purpose to 
express the hardness in terms of grains of calcium carbonate 
per gallon, and to regard one degree of hardness (i°) as that 
due to I grain of calcium carbonate, or its equivalent of any 
other calcium or magnesium salt, dissolved in one gallon of 
water. 

The agencies which may be considered to be available for 
the process of softening in laundry practice are heat, addition 
of lime, caustic soda, sodium carbonate and mixtures of the 
last three. 

Heat .—The application of heat only removes the temporary 
hardness. The dissolved carbon dioxide is removed by boil¬ 
ing and the calcium or magnesium bicarbonate originally 
present is precipitated as the insoluble carbonate thus:— 

CaCOj. HjCOj -> CaCOj + HjO + COj. 

On a large-scale, heat is as a rule out of the question on 
the sfore of expense, and one or more of the above-mentioned 
substances must be employed. To ensure good results with 
economy, the principles on which the application of thfese sub¬ 
stances is based should be clearly understood. 

Lime .—Lime removes the temporary hardness by neutral¬ 
ising the dissolved carbonic acid, thus converting the soluble 
“oricium or magnesium bicarbonate into insolubl/; calcium 
carbonate thus:— 

CaCOg. HjCOj + Ca(OH)2 -> 2CaC03 + 2H2O. 

100 CaO. HjO 

56 + i8« 

Hence water which has' 6nly temporary hardness may be 
softened by the addition of lime either in the form of slaked 
lime or limei water. 

' The solubility of lime in watfer is only about^ part in 700, 
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and this involves the use of relatively large volumes of the 
solution whicll is often inconvenient in practice. ' 

For this reason the lime is usually made up to E^milk-witb 
eksmall^^uantity of water and added in •this form. * 

From the equation given above it will be seen that lOO 
parts of calcium carbonate, present as bicarbonate, will require 
, 56* parts of quicklime (CaO) or 74 parts of slaked lime 
(Ca(OHij), and if the temporary hardness of the water has 
been determined the amount of lime which should be added 
An easily be calculated. 

• In practice it is not possible to realise such a perfect re¬ 
action as is represented by the equation, and with most waters 
more lime will be required than is indicated by the temporary 
hardness, as there is in nearly all cases a larger amount of 
carbonic acid than that which is necessary to hold the carbon¬ 
ates of calcium and magnesium in solution. 

A preliminary expefiment should be made using the 
amount of lime indicated by calculation from the temporary 
hardness, and if the softening thus effected is found to be in¬ 
sufficient a further trial, using a larger proportion of lime, can 
be made. 

Sodium Carbonate* —The addition of lime leads only to 
the removal of the temporary hardness, and when water is hard 
from the presence of calcium sulphate or chloride the proper 
softening agent to use is sodium carbonate, the reaction being 
represented thus:— 

CaS04 + NajCOj CaCOj + Na2304 
136 106 

(= 100 of CaCOj). 

Calcium carbonate is precipitated and the sodium sulphate 
remains in solution. 

From the equation it will be seen that 100 parts of the 
calcium salt in terms of carbonate will require 106 parts of,' 
sodium carWbnate. 

* Sodium Carbonate. —Although sodium carbonate is usually employed to 
remove permanent hardness, it will also react with calcium bicarbonate as shown 
in the following equation 

• CaCOg. HgCOg -> CaCOj + aNaHCOj. 

bn heating, the bicarbonate decomposes, for^iing carbonate :— 
zNaHCO, -5 Na,COj + H3O + CO,. 

The water is thus left alkaline from the presence of sodium carbonate (and bU 
carbonate) and this is a disadvantage if the water is to be used fof the washing 
of woollen and silk foods. (See pp. 9i*hod 97 for action of alkalis on silk and 
^ool.) 



48 . APPLIED "CHEMISTRY 

Testing*with soap solution after softening will shott'’ 
whether the fiardness has been satisfactorily renroved, but will 
ivot indicafe whether too, much sodium carbonate has been 
ad(fed, and for this r«ison it is advisable to determine the 
alkalinity of the water before and after softening. 

Caustic Soda .—Caustic soda behaves like lime with regard 
to temporary hardness, but in this case sodium carbonate 
is formed and is thus available to react with the substances 
present in the water which give rise to permanent hardness. 

CaCOj. H2CO3 + 2NaOH -> CaCOa + NajCOj + 

100 80 106 

CaS04 + NajCOj CaCOj + NajSO, 

136 106 

(= 100 of CaCOj). 

If, therefore, the two forms of hardness are in about equal 
proportions the addition of an appropriate amount of caustic 
soda would effect a satisfactory softening. 

The equations show that:— 

100 parts of calcium carbonate will require 80 parts of 
caustic soda, and this will produce sufficient sodium carbonate 
to remove 100 parts of permanent hardness (expressed-as 

Caca). 

Here again it should be remembered that the water will 
I probably contain excess of carbon dioxide, and a trial experi- 
men? should be made in order to see if further softening can 
be effected, byusing a little more caustic soda than the amount 
thecyetically indicated, without appreciably increasing the* 
alkalinity of the water. 

This method of softening has the advantage that the de¬ 
posit obtained is less bulky than when lime is used, and if the 
water has to be filtered after softening it may be inconvenient 
_to deal with a large amount of solid matter. 

SUMMARY OF METHODS Of SOFTENING WATER. REMOVAL 
OF TEMPORARY AND PERMANENT HARDNESS. 

The most suitable softening a^ent to'employ and the pUa, 
•portlbns of reagents to be used depend on the degree of hard¬ 
ness of the water and the relative armounts of temporary and 
prfmanent hardness. 

Waters* also vary in the character of the deposit, given 
with softejing agents, and whether this settles ^or filters eksity 
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will be found frequently to depend on the nature of the softener 
used. So farfes this particular point is concerned each water 
must be treated on its owij merits, but the general prindpleSi 
guiding»the choice and application of softening agents for 
waters exhibiting mixed hardness may be briefly summarised 
here. 


The Use of Lime and Sodium Carbonate. 

^ A water containing both temporary and permanent hard¬ 
ness can be softened by adding lime equivalent to the temporary 
hardness together with sodium carbonate equivalent to the 
permanent hardness. 

(^) The Use of Caustic Soda. 

As already indicated (see p. 48) if the temporary and 
permanent hardness are "present in about equal proportions 
the water may be conveniently softened by the use of caustic 
soda. 

Caustic soda equivalent to the temporary hardness should 
be added, and this will furnish sufficient sodium carbonate to 
remove an equivalent amount of permanent hardness. 

a 

(r) The Use of Lime and Caustic Soda. 

A water in which the temporary hardness exceeds theT)er- 
manent hardness can be softened by adding# caustic soda 
equivalent to the permanent hardness, and lime equivalent to 
the difference between the temporary and permanent hardness. 

The temporary hardness removed by the action of the 
caustic soda will be equivalent in amount to the permanent 
hardness and the excess of temporary hardness will be re¬ 
moved by the lime. 

(<^ The Use of Caustic Soda and Sodium Carbonate. 

A water in which the permanent hardness exceeds the 
Jemporary hardness ^an be softened by adding caustic soda 
equivalent to the temporary hardness and sodium carbonate, 
equivalent to the difference between the permanent and 
temporary hardness. . • 

The amount of permanent hardnessVemoved by jhe sodium 
carbonate will be equivalent to the temporary hardness, and 
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the excess* of permanent hardness will be'removea oy tne 
additional s6dium carbonate. ^ 

With C water of this ,.type it is„advisable to make a trial 
ejfperiment, using cauatic soda alone, in slight excess, fis unless 
the permanent hardness greatly exceeds the temporary hard¬ 
ness, it is possible that the excess of carbonic acid when 
neutralised with caustic soda will furnish sufficient carboifate 
to remove this excess of permanent hardness (see p. ,48). 


Degree of Softening. 

Water which is to 'oe used for laundry purposes only 
cannot be too soft, but the cost of removing the hardness com¬ 
pletely may exceed the loss due to waste of soap caused by 
moderate hardness, and softening down to between 4° and 6° 
may be considered as far as it is practicable to go with due 
regard for economy. " 


CALCULATION OF THE QUANTITIE.S OF REAGENT.S REQUIRED 
FOR SOFTENING A GIVEN VOLUME OF WATER OF KNOWN 
DEGREE OF HARDNESS. 

Since by definition, 1° of hardness = I grain of calcium 
carbonate (or its equivalent) in I gallon, the numbet of grains 
of calcium carbonate present in any given number of gallons 
of i.ater may be taken as the product of the number of gallons 
and the degrees of hardness. (See, however, p. 19.) 

For example, 10 gallons of a water of 12° of hardness will 
contain 12 x 10 = 120 grains of calcium carbonate (or its 
equivalent). , 

The equations given on pages 46-48 show that I grain of 
calcium carbonate is equivalent to 

O’jfi grain CaO, 
or 0'8 „ NaOH, 

„ I '06 „ NajCOj. 

Thus, 

grains ofCaCOj x O’Jfi = grains of lime required to soften 

. the wate^ 
• • 

„ „ X 0'§ „• •„ caustic soda required to 

'' soften the water 

„ „ X ,i -06 „ „ sodium carbonate re¬ 

quired to soften the water. 
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Example. 

Calculation of the aniounts of reagents require? to sJften' 
IjO gallfcns of water having 14° of temporary hardness and 
6° of permanent hardness;— • 

(a) With Lime and Sodium Carbonate. —Add lime equi-- 
valent to the temporary hardness and sodium carbonate equi¬ 
valent to,the permanent hardness (see p. 49 (a)). 

The temporary hardness = 14° = 14 grains in i gallon 

= 140 „ „ 10 gallons. 

Quantity of lime required 140 x 0-56 grains 

= 78'4 grains. 

The permanent hardness = 6° = 6 grains in i gallon 

= 60 „ „ 10 gallons. 

Quantity of sodium carbonate required = 60 x i -06 grains 

= 6 3‘6 grains. 

{U) With Lime and Caustic Soda. — Add caustic soda 
equivalent to the permanent hardness and lime equivalent to 
the difference between the temporary and permanent hardness 
(see p. 49 (c)). 

The permanent hardness = 6° = 6 grains in i gallon 
a = 60 „ „ 10 gallons. 

Quantity of caustic soda required = 60 x 0'8 grains 

= 48 grains. 

Temporary minus permanent 
hardness = 14° - 6°*= 8° 

= 8 grains in i galton 
= 80 „ „ 10 gallons. 

Quantity of lime required = 80 x 0’56 grains 

= 44-8 grains. 

To Convert Grains to Grams. —In the laboratory it will 
be found moje convenient to express the result in grams instead 
of grains. 

I gram = 1 5 ’4 grains. 

Hence, grains x ( = 0-065) = grams. 

^54 

Experiments on*the Sof!ening: of Water, 

T • . • * 

In carrying out experiments on water-softening it is ad¬ 
visable, if satisfactory results ares to be obtained, to work with 
% fairly large quantity of water, e.g. 10 gallons. 
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To softfep 10 gallons of water for laundry .purposes pro¬ 
ceed in the following manner:— 

'f ^ Deteriiiine the temporary and permanent hardness of the 
water by means of a iJtandard soap solution as described on 
page* 23 . 

Determine also the alkalinity of the water (Hehner’s 
Method, p. 25). 

Measure out 10 gallons of the water into a suitable con¬ 
taining vessel. 

I. To Soften with Lime and Sodium Carbonate. —Calcfr- 
late as shown above thf number of grains of lime and tfie 
number of grains of sodium carbonate required. Convert 
grains to grams and weigh out the necessary quantities. 

Mix the lime to a smooth paste with water, thin down 
with more water and pour into the 10 gallons of water to be 
softened. 

Add the sodium carbonate dissolved in a small quantity 
of water. Stir well and leave the water to stand for several 
hours until the precipitate has settled. 

Draw off a sample of water from the top without disturb¬ 
ing the precipitate. 

Determine the temporary and permanent hardness, 'also 
the alkalinity. , 

If the softening is found to be insufficient, repeat the ex¬ 
periment, increasing the amount of lime and sodium carbonate 
in the proportions indicated by the results. 

If a decrease in the hardness is accompanied by an increasf 
in tlkalinity too much sodium carbonate has been added and 
the quantity used should be decreased in making a second 
experiment (see p. 48). ' 

If the water has been softened down to between 4° and 6° 
of hardness without increasing the alkalinity a second ex¬ 
periment need ;iot be made (see p. 50). 

II. To Soften with Caustic Soda and Lime.-rln London 

water the temporary hardntss exceeds the permanent hardness, 
and if caustic soda is to be employed it should be used in con¬ 
junction with lime (see p. 49 (c)). ^ 

Calculate as shown above th? number of grain? of caustic 
soda and the number qf grains 'of'lime required. Convert 
grains to grams and weigh out the liecessary quantities. 

Mix the lime to a. thin f)aste with water, add the caustic 
^da diss 61 ved in a small qujpitity of water, mix with the 10 
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gallons 01 water to be softened and stir well. Allpw to stand 
for several hoirs and then proceed as in I. 

Water-Softening by the Pern-utite Process. 

Another process for water-softening, known as \ht‘“per- 
mutiteprocess',’ has recently been introduced. 

Sodium, permutite, artificial zeolite, is a hydrated silicate 
of sodium and aluminium formed by fusing together quartz 
(SiOj), china clay (Al^Oj zSiO^. 2li.fi), and sodium carbonate. 

^ After extraction with water a crystalline mass, which may 
be represented by the formula Na.O . zSiOjAl^O,. fiHjO, is 
obtained. 

When water containing calcium and magnesium salts is 
filtered through a considerable layer of this material (60-100 
cm. in depth) the calcium and magnesium replace the sodium 
of the permutite and the water is thereby softened. 

The reactions which take place may be represented thus: 

Na^O . zSiOj. AI3O3 + CaCOj -^Na^COj + CaO . zSiO^. Al^O, 

“ Sodium permutite ”. “ Calcium permutite ”. 

NajO.zSiO^. AI2O3 + CaSO^^Na^SO, + CaO. zSiO.,. Al^Oj 

“ Sodium permutite ”. “ Calcium permutite ”. 

The sodium permutite when exhausted can be regenerated 
by passing a concentrated solution of salt through the per¬ 
mutite layer, when the following reaction takes place:— 

CaO . zSiOj. AI2O3 + zNaCl -> Na^O . zSiO^. ^l^O^ + CaCl^ 

Calcium permutite “ Sodium permutite 

It should be noted that in the case of water having 
temporary hardness the water will be left alkaline owing to the 
formation of sodium carbonate (see note, p. 47). 



Chapter III. 

SOAP. 

Soaps as ordinarily understood are either the sodium salts 
(hard soaps) or potassium salts (soft soaps) of fatty acids of 
relatively high molecular weight. 

Resins are also used in the manufacture of some soaps and 
contain an acid of high molecular weight known as abietic 
acid (C^H^O,). 

The raw materials from which soaps are manufactured vary 
considerably, but they are, with the exception of resin, animal 
or vegetable fats or oils. 

Chemically, the fats and oils are composed of the 
glyceryl esters of the fatty acids, and the action of the caustic 
alkalis used to convert them into soaps consists in the pro¬ 
duction of the sodium or potassium salts of the fatty Acids with 
the accompanying formation of glycerol. 

' This change may be regarded as an example of “ hydroly¬ 
sis',' the term "saponification" is, however, more generally used 
to describe the special case of the hydrolysis of fats by alkalis' 
in the production of soap. 

Taking tristearin as a typical example of a glyqeryl ester 
of a fatty acid, and caustic soda as the alkali used to effect 
saponification, the reaction may be represented as follows:— 

CHj. OOCTCpI;; NaOH CHjOH 

1 '■ J 

CH . OOC. + Na( 5 H -> sCifH^COONa + CHOH 

I Sodium stearate. I 

CHj. OOC.CitH,s Na OH . CH, 0 H 

Tristearin. “ Glycerol. 

' ' / ' ' 

In the presence of a suitable catalyser fats can be split up 

by the action of steam^ i.e. by hydrolysis, into fatty add and 
glycerol. 


(54) 
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CH . 


lOOC^C^Hi 


CHj. loOC. 

Tristearin. 


HOH 

OOC. CijHjj + n 
H 


CH,OH 


|OH -> sfnHjsCOOH ■> CHOH 

^•caric acid. | 

iOH CH,OH 

Glycerol. 


, The fatty acid is separated from the aqueous solution of 
glycerinfe and converted into soap by neutralisation with sodium 
.rarbonate. 


iCijHjjCOOH + Na^COj -> 2CijH,3COONa + H 2 O + COj 

Sodium stearate 
(Soap). 

This method is chiefly employed where it is necessary to 
separate the glycerol completely, and also to use up the more 
liquid portions of the fatt^ acids obtained after the separation of 
the stearic and palmitic acids required for the manufacture of 
candles (see p. 258). 

The fatty acids thus obtained are usually dark in colour 
and the soap prepared from them is generally considered to be 
inferior to that prepared by the saponification process. 

The fats used in making soaps vary considerably in com¬ 
position,,but the following are given as examples, t^ether 
with the names of the principal fatty acids contained in them, 
these acids being present in the form of their glyceryl, 
esters :— 


Fat or Oil. 
Tallow 
Olive oil 
Palm oil 


Cottqji-seed oil 

Castor oil 

Cocoa-nut oill 

Palm-nut oil 1 
■' ■ 


Adds. 

Stearic, oleic, palmitic 
Oleic, palmitic, linoleic 
Palmitic, oleic (some of the 
palmitic acid may be 
present in the free state) 
Oleic, linoleic, stearic, palmitic 
Ricinoleic, stearic 

Myristic, lauric, palmitic, oleic. 


The preparation of different types of soap on a larga scal^ 
willlje dealt with in the «ourse of*tHfe lectures; soap may, how- • 
ever, be prepared on a small scale in the laboratory by»the 
following methods;— 
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PREPARATION OF SOAP FROM FAT OR OIL. 

. f 

I. BY SAPONIFICATION WITH CAUSTIC SODA. 

’ ^ . . 

Weigh out 10 gms* of fat or oil into a large porcelain dish 
and warm on a water bath. 

Dissolve I'5 gms. of caustic soda in about 25 c.c. of water, 
add to the warm fat or oil and stir well. ' 

Continue the heating, stirring at intervals and addjpg more 
water, if necessary, until saponification is complete. 

If the process is carefully carried out the mixture shoulb 
become milky in appearance, with the production of a consider¬ 
able amount of froth and'lather on stirring. When this stage 
is reached some of the mixture should be removed from the 
dish and treated with hot distilled water in a test tube. If 
saponification is complete a clear soapy solution will be ob¬ 
tained, but if unsaponified fat is still present the solution will 
be turbid and the heating with sodium hydroxide must be 
continued. 

When saponification is complete remove the dish from the 
water bath and allow the soap to stand until it forms a firm 
cake. 

Some of the soap thus prepared may then be examined as 
described under Reactions of Soap (see below). 

II. BY HYDROLYSIS TO FATTY ACID AND NEUTRALISATION 
WITH SODIUM CARBONATE. 

The convertiion of fat to fatty acid and glycerine can be, 
effected in a variety of ways; most of the process emplo)'ed 
involve the use of superheated steam, but in the Twitchell 
Process hydrolysis is effected by the action of stea'm under 
ordinary atmospheric pressure. 

The reagent (Twitchell’s reagent) required for this process 
is prepared by adding concentrated sulphuric acid to a mixture 
of oleic acid with an aromatic hydrocarbon, e.g. henzene or 
naphthalene, in such a manntr that temperature during mixing 
does not rise above 30° C. The reaction which takes place in 
the case of benzene may be represented a^ follows:— 

C.H jTirTWr |SOi,H + HjO 

Benzene. SulphuVic*acid. Eenzerte 

HSOj.C.H.H +Ci,H 33COQH sulphonk add. 

Benzene sulphonic acid. Oleic acid. 

-^►C^,.(S 03 H).C„H 3 ,.C 00 H. 

SulphO'benzene ^teari^ aci 4 p 
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The suloho-benzene stearic acid separates aut as a dark 
viscous oil, and when 0-5-1‘O per cent, of thft substance is 
added to a fat (or oil), tlje fat can ^be hydrolysed'to fatly acid 
and glycerine by passing steam (a* atmospheric pressure) 
through the mixture for some hours. 

On standing *the fatty acids collect as an oily layer and 
the aqueous solution containing the glycerine is drawn off. 

To^convert the fatty acid to soap by neutralisation with 
sodium carbonate proceed in the following manner:— 

Weigh out 10 gms. of the fatty acid into a large porcelain 
dish. Dissolve 2-5 gms. of sodium carbonate in about 20 c.c. 
water, add to the fatty acid, stir \^%ll and warm the mixture 
on a water bath until the evolution of carbon dioxide has 
ceased and a smooth homogeneous paste is obtained (see 
equation, p. 55). 

To show that neutralisation is complete dissolve a portion 
of the mixture in hot dStilled water. A clear soapy solution 
should be obtained. Free fatty acid will give rise to a turbid 
solution owing to its insolubility in water. 

Some of the soap thus prepared may be examined as 
described below:— 


REACTIONS OF SOAP. 

I. l 5 issolve some of the soap in water, warm the Solution 

and add a slight excess of dilute sulphuric acid. The solution 
becomes turbid, and on gently warming, a clear, oilj^layer 
(fatty acids) separates at the surface. < 

Taking sodium palmitate as an example of a soap tjie re¬ 
action may be represented by the equation ;— 

2C,5H*3i . COONa + H3SO, -> 2 Ci,H3i . COOH + Na^SO, 

Sodium palmitate Palmitic acid 

(soluble in water). (insoluble in water). 

II. Dissolve some of the soap in water and add saturated 
brine. Pf curdy precipitate of soap separates out. 

Soap is soluble in water, but insoluble in the presence of 
excess of salt. 

III. If soap is .prepared by the saponification process as 
described in method I. above, the glycerol liberated hy the 
sapanification of the fjt will he .left in the soap * and ifs. 
presence may be shown in the following way:— 

* When soap ib prepared on a large scale most of the giyberol is removed 
fron) the soap during the process of manufacture, and soap as a rule does not 
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Dissolve .about 5-10 gms. of the soap in water (about 
200 C.C.), warm the solution on a water bath and^add a slight 
exces^ of dilute sulphuric acid. Continue to warm until the 
fatty acids have separatpd ‘as a clear oily layer and tht solu¬ 
tion below is only slightly turbid. 

Cool and remove the cake of fatty icids (see p. 61). - 
Neutralise the solution by adding a slight excess of barium 
carbonate, filter and concentrate the filtrate to a smajl bulk 
(i.e. to the consistency of a syrup). Add to a portion of the 
residue about twice its weight of potassium acid sulphate and*" 
heat strongly. The glycerol is thereby converted into acroleiiv 
(CjH^O), which may be reeognised by its extremely penetrat¬ 
ing odour resembling that of burning fat. 

The potassium acid sulphate acts as a dehydrating agent, 
with the result that two molecules of water are removed from 
the glycerol thus :— 

CH.,OH CHa 

I II 

CH OH CH + 2H2O 

I_ I 

ClI^lOH CHO 

Glycerol. Acrolein. 

Thd presence of glycerol may also be shown by* mixing 
another portion of the residue with a saturated solution of 
borajT'to which sufficient phenolphthalein has been* added to 
produce a distinct red colour. The red colour is discharged, 
but returns again on boiling. 

"niis is due to the action of glycerol in preventing the 
hydrolysis of the borate (see p. 40). On boiling, hydrolysis 
takes place with the consequent return of the red colour. 

COMMERCIAL SOAPS. 

In order to suit various requirements, soapst,in great 
variety have been placed upon the market, but by far the 
largest quantities of soap are used for laundry, toilet and 
other household purposes. . 

The properties and methods o{ preparation of the most 
^d)mm6n types of soap will.bf dealt‘wjth in the course of#the 

cos'C^n any appreciable amouyt of gtycerol (see p. 68). Soap prepared 
method 11. should not contain any glycerol, since the aqueous solution contain¬ 
ing the glycerol is separated from the fattysacids before the latter are nevttrajiaed. 
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lectures, and it is only necessary hefe to consider such pro¬ 
perties of l^e soap as must be taken into cqnsideration in 
making an examination of a commercial soap. 

Lewkowitsch • considered that^Jar^ commercial soaps, rpttcle 
on a large scale, should contain 30 per cent, of water and 60-64 
per cent, of corabined fatty acids, and that such soaps might 
be described as "genuine soaps 

Soaps containing less than 30 per cent, of water have either 
become dried on exposure to the air or have been artificially 
> dried. 

^ The substances obtained by the action of alkalis on resins, 
which consist chiefly of the sodium salt of abietic acid (see 
p. 54), are hardly to be described as soaps, but the substitution 
of resin for part of the fatty matter used in making soap is 
considered to be legitimate. The introduction of resin is, 
however, disadvantageous in the case of soaps used for laundry 
work, since white goods* if washed repeatedly with resin soaps, 
become a bad colour, i.e. develop a yellowish-brown tinge.f 
In addition to “ genuine soap ’’ commercial soaps may 
contain a slight excess of free alkali; this is more particularly 
the case with genuine “ mottled soaps 

Lower quality soaps are often " filled” or adulterated with 
substances such as sodium carbonate, sodium silicate, borax 
and oceasionally also with other mineral matter, cha 4 k, grit, 
etc. These substances are added with a view to “ hardening ” 
the soap, i.e their presence makes it possible to increstfe the 
water content of the soap without making it unduly soft. 

Soft Soaps consist of a mixture of the potassium salts of 
the fatty acids with a solution containing all the glyterine 
from the fat, together with a slight excess of caustic potash 
and potassium carbonate. 

Toilet Soaps are as a rule “ milled'' soaps. “ Milled ” 
soaps are prepared by carefully drying shavings of the soajk 
so that they lose about 20 per cent, of water. The soap "is 
then crushed or “ milled " and finally compressed to form a 
firm cake. 

A soap prepared in this way will usually contain about 
80 per cent, of combined fatty acids. 

Cereal Soaps are prepared by treating starchy and alj)umip- 
ou# materials, such as* are- found* in the germ and bran ofi 

. »- 

* “ Technology and Analysis of OilS, Fats ^d Waxes,” Vol. III. 
f See Jackson, “Detergents and Bleaching Agents Used in Laundry 
Work “. Cantor Lectures, Royal Sotiety of Arts, 1907. 
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various cereals, e.g. maize, oats etc:, with a strong solution of 
caustic soda. *> • 

, A. considerable amount of alkali is taken up and the 
sodmm salts of amino apids* formed ; ^:hese, it is claime:^ have 
detergent properties similar to those of the sodium salts of 
the fatty acids, i.e. to soap. Further, it is claimed that these 
detergent properties are unaffected by the presence of salts 
of lime or magnesia, or of common salt, in the water. To 
neutralise the excess of alkali used during the process of 
manufacture, a suitable proportion of free fatty acid may be r- 
subsequently added, and cereal soaps will thus usually be,, 
found to contain some reaUsoap. 

Difficulty will probably be experienced in trying to sepa¬ 
rate the fatty acid from such soaps, since on the addition of 
hydrochloric acid (see p. 6i) a curdy mass separates which 
contains the residue of the cereal matter used, as well as the 
fatty acid. The fatty acid may, howtver, be separated, after 
acidification, by extraction with ether (see p. 73). 

THE CHEMICAL EXAMINATION OF SOAPS. 

In making an examination and valuation of a commercial 
soap it is hardly necessary to make a complete chemical 
analysis, embracing a search for all substances that may 
possibly be present, and such a course would be of little prac¬ 
tical qge. 

The foregoing remarks on commercial soaps show that the 
most important 'factors to be taken into consideration in the 
examination of a soap are :— 

I. Determination of the Amount of Fatty Acid&, since 
this gives a measure of the amount of genuine soap present. 
The detection of resin in the fatty acids is also of importance 
if,the soap is to be used for laundry work (see p. 59). 

II. Determination of Alkali, Combined, Free Caustic 
Alkali and Alkaline Salts. —The amount of combined alkali, 
i.e. alkali present combined with the fatty acids to form soap, 
should be determined, and also the quantity and nature of 
the free alkali * (if any). 

iiPree alkali. —The term “free alkali includes all substances other than 
soap which have an alkaline reaction, i.e. caustic alkali, and salts such as 
sodium carbonate, carbonate, silicate, etc., which are referred to as “alkaline 
salts’^. 
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Any tns^uble mineral ^natter can be conveniently deter¬ 
mined after the removal of free caustic alkali and alkaline salts 
(see p. 67). 

• 

III. Determination of Water in Soap.—The results of 
I. and II. will, as a rule, give a sufficiently accurate measure 
df the actual amounts of soap and alkali present (see p. 66), 
and i^a is by no means always necessary to make a direct 
determination of the water present in the soap, though in 

*some cases it may be advisable to do so. 

• 

IV. Examination for Other Substances Occurring in 
Soap.—Glycerol, unsaponifiable matter, etc. 

METHODS OF SOAP ANALYSIS. 

Sampling .—In ordty: to avoid serious errors care must be 
taken in sampling the soap, especially for the determination 
of water. On exposure to the air soap dries on the surface 
and a coating or “ skin ” is formed on the outside, which to 
some extent protects the inner portions from loss of water by 
evaporation. 

The sample for analysis should therefore be taken from 
the centre of the bar or cake in the case of a hard s(}ap, and 
from the centre of the mixture in the case of a soft soap. 

Determination of Fatty Acids. 

Dissolve 5-10 gms. of soap, weighed accurately to two 
places of decimals, in about 250 c.c. of distilled water, warm 
the solation, add a few drops of methyl orange and then dilute 
hydrochloric acid until there is a slight excess of acid present. 

Dilute sulphuric acid may also be used, but if traces are 
left in the fatty acids it is liable to produce charring during tW 
subsequ^t process of drying. 

If glycerol is to be tested • for sulphuric acid should be 
used, as any excess of acid can then be removed as bariuir 
sulphate (see p. 58). 

Hejit on a water bath until the fatty acids separate out ai 
a j^ear oily layer and«the’liquid below is only slightlirturbid 
This operation should be carried’out in a tall narrow beaker' 
so that the fatty acid separates as a fairly thick, coifipacl 
layer. Cool and remove carefully tlie solidified •cake of fatt) 
acids with a^spatula, rinse with cold water and place on a.filtei 



62 kpPLiED CHEMISTRY 

paper. Cardully scrape off any small particles fatty acids 
adhering to the sides of the beaker and add to the cake. 

Dfy the' cake by touching lightly with a filter paper, 
transfer to a weighed dikh and melt by heating in the'steara 
oven for a few minutes. ,, 

If the melted fatty acids are observed to be free from 
moisture, they should be cooled in a desiccator and weighecf. 
If, however, drops of water are observed on melting the 
cake, the fatty acids should be allowed to cool and the cake 
should again be dried with filter paper as described above. 

From the weight of fatty acid thus obtained the percentage* 
of fatty acids in the soap can be found. 

Should the fatty acids be found to remain liquid or incon¬ 
veniently pasty on cooling, this difficulty can be overcome by 
adding 5 gms. of shredded beeswax or paraffin wax to the 
mixture, and heating until the mixture of the fatty acids and 
wax has collected as a clear transparent layer. On cooling, 
the cake is removed, washed and dried as previously described. 
To obtain the weight of fatty acids the weight of added wax 
must be deducted from that of the cake. 

Owing to the solubility of myristic and lauric acids in 
water, this method of determining the fatty acids will yield 
low resi^lts in the case of soaps made from palm-nut eil and 
cocoa-nut oil (see p. 55), and more accurate results can be 
'it>tained by bringing the fatty acids into ethereal.solution 
(see p.* 73 ). 


Detection of Resin in Fatty Acids. 

Dissolve a small portion of the dried fatty acids, (about 
the size of a pea) in about 2 c.c. of acetic anhydride, in a dry 
test tube, heating gently if necessary. Cool the solution aiid 
add two or three drops of a co/d mixture of equal volumes of 
gldcial acetic acid &nd strong sulphuric acid. 

resin acids are present^an unmistakable viollt colour 
refill be produced.* (This colour is fugitive, but if the solu¬ 
tions are well cooled it is very pronounced.) 

It may be noted that soaps containing resin are often 
y^low rf'n colour, such, for example,'as ^any of the ordinary 
household soaps. 

.. r 

* The only substance other than resin likely to be met with in soap which 
will give a similar^colour is cholesterol^ from wool fat This mav be eliminated 
by ahakihg a solution of the soap, before decomposing with acid, with ether'or 
pettoleum ether, nther of which will extract the cholesterol. 



FREE ALKAEI in SOAlfc 63 

The presence of the itsin tends to the production of a 
copious lather when the soap is dissolved in water. 

Examination of Soap for Free Alkali (see note, p. 6d). 

Before making any determination of the alkali present in 
a, soap it is advisable to examine the soap in order to ascertain 
whether any free alkali is present, and if so in what form. 

So 3 p is soluble in alcohol whereas, with exception of 
«caustic soda, the other alkaline substances which may be pre¬ 
sent in soap, e.g. sodium carbonate, sodium silicate, borax, 
are insoluble in alcobgl. i 

A separation can 'therefore be made by treating some of 
the dry soap with absolute alcohol and heating on a water 
bath. 

If soaps only or soaps and caustic soda are present the sub¬ 
stance will dissolve corapletely in alcohol. The presence of 
caustic alkali may be shown by cooling the solutions and add¬ 
ing a few drops of phenolphthalein, the production of a pink 
colour shows the presence of caustic alkali. 

It is essential that the soap should be moderately dry; if 
any considerable amount of water is present the alcohol will 
become diluted and some of the alkaline salts present, e.g. 
Na.2COf etc., may dissolve. * 

The subsequent test for caustic soda is then of no value. 

In the presence of water also the soap may hydroljiee tt!^ 
a slight extent (see below), and a pink colour will then be 
• obtained with phenolphthalein even in the absence of caustic 
alkali 

It should be noted that a neutral soap dissolved in water 
will give a pink colour with phenolphthalein, but when dis¬ 
solved in alcohol no pink colour is produced. This is explained 
by the fact that soap in the presence of water undergoes! 
hydrolysis with the formation of a small amount of caustft 
soda, thuf:— 

• 

CijHsjCOONa + C,7Hj,COO|Na + HO|H 

Sodium stearate. 

s> Ci^HjjCOONa. Cj^HsiCOOH + NaOH 

^ •* Acid sodium stearate. 

Yhe action of watet^may be *de*monstrated by dissolving a 
little dry soap in alcohol and adding a few drops of phenol- 
{^thalein. No colour or only a very faint colouiswill be pro¬ 
duced. If the solution be fhen diluted with a considerable 
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volume of wqter the development of marked pink colour will 
be observed. < ' 

^ Sgidium carbonate, silicate etc., together with any substances 
inSsluble in water (if an^) will be left as an insoluble (esidue 
when the soap is dissolved in alcohol. 

This residue should be filtered off, wSshed with warm 
alcohol and then treated with hot water. The alkaline salts 
mentioned above will be dissolved and any matter insoluble in 
water can be removed by filtering. 

The filtrate can then be examined for carbonate, silicate f 
and borate in the usual manner (see p. 34). , 

The presence of carbonate will be readily detected by the 
action of hydrochloric acid, but since silicate and borate are 
often only present in relatively small quantities, it is found 
more convenient in actual practice to ash some of the soap and 
to examine the ash for these substances, rather than to attempt 
to identify them in the residue obtairfed after extracting with 
alcohol. 

It is necessary to point out that before testing for the 
alkaline salts the soap must be removed, either by dissolving 
out in alcohol, or in the case of borate and silicate by ashing, 
since in the presence of soap or fatty acid some of the tests 
described on pages 34-36 are valueless. 

Examination of Ash for Silicate and Borate. —He'at some 
of the soap in an iron spoon until all the organic matter has 
^een destroyed and a well-charred residue is obtained. Ex¬ 
tract with water, filter and test portions of the filtrate for 
borate and silicate as described on page 35. 

The soap itself will yield carbonate on ignition, hence it is 
useless to test the ash for carbonate. 

If there is any appreciable residue insoluble in water left 
•after filtering off the alkaline salts, it should be examined 
under the microstfope. Some form of grit etc. or small quan¬ 
tities of organic matter may \>e present. 

Determination of Combined Alkali. 

• 

f The combined alkali is usually.ol^tained by determining 
•the total alkali in the soap &nd also ther/re« alkali, the comtined 
olkAli is then arrived at by difference. 

Total Alkali. —The determination of the total alkali may 
be cbmbined with the determination of the fatty acids (see 
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p. 61) by usiHg an accurately measured volume, bf standard 
acids for decomposing the soap. 

After the removal of»the caka of fatty acids, the’acjof 
liquor i? filtered to remove traces of farty acid and the excess 
of acid is titrated b^ack with standard alkali (seininormalj. 

The total alkali may, however, also be determined by dis- 
sofving 5 gms. of soap in water (about 250 c.c.) and titrating 
the solution with seminormal acid, using methyl orange as 
indicator, as the insoluble fatty acids liberated are without 
action on this indicator. 

• The alkali is calculated as NajO, 

1 c.c. N/2 acid = O'OISJ gm. Na^O. 

If no free alkali is present, then 

Total alkali = combined alkali. 

Determination of Free Alkali, Caustic Alkali and Alkaline 
Salts. 

The free alkali may be present as caustic alkali or alkaline 
salts or both. 

Free Caustic Alkali .—5 gms. of the sample, after drying 
if necessvy (see p. 63), are heated with absolute alcohol on 
a water bath in a flask loosely corked to prevent absorption 
of w’ater from the air. The hot solution is filtered rapic^y • , 
through a filter previously washed with alcohol, and any in¬ 
soluble residue is transferred to the filter and washed two or 
three times with hot alcohol. A few drops of phenolphthalein 
are added to the filtrate and washings and the whole titrated 
with decihorraal acid. 

(l c.c. N/io acid = 0-0031 gm. NaaO = 0-0040 gm. NaOH.) 

It should be noted that on keeping, any free caustic alkali 
in the soap will gradually be converted to carijonate by action* 
of atmospharic carbon dioxide. 

Alkaline Salts .—The residue obtained after extraction with 
alcohol is dissolved in water and titrated with decinormal acid, 
using methyl orange ^s indicator. 

The alkalinity is calculated in terms of NajO and this 
\ 

* Precautions to be taken in ^tiering .—Care must be taken in biteting ttat 
no aoap jelly separates out in the filter. The glass funnel may be warmed previ¬ 
ous to use, the solution should be kept nearly boillhg throughout the operation 
and only small quantities transferred at a time to the filter, if th&e conditions 
are carefully observed a hot-water funnel can be dispensed with. 

5 
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amount, together with any NajO “present as fre^'caustic alkali, 
is subtracted from the total alkali to obtain the combined alkali. 

(i c.c. N/io aUid = 0-0031 gm. NajO.) 

If the free alkali is present entirely as carbonate, the per¬ 
centage of NajCOj instead of NajO may ifc stated in the final 
results. ‘ 

(l c.c. N/iO acid = 0-0053 gm. sodium carbonate.) 

The amounts of carbonate, borate and silicate in the above 
residue can if necessary be determined by the methods de¬ 
scribed on pages 39-45. lAs, however, they are usually present 
only in relatively small amounts, such determinations need 
not as a rule be made. 

If an appreciable quantity of silicate is present the silica 
may be conveniently determined in the acid solution obtained 
after the removal of the fatty acids. This solution can be 
evaporated to dryness with excess of hydrochloric acid and the 
silica determined as described on page 40. 


Percentage of Actual Soap. 


In order to obtain the percentage of actual soap, the per¬ 
centage of combined alkali .should be added to the percentage 
of fatty anhydrides. 

‘'T'he fatty acids may be calculated to fatty anhydrides 
thus:— 

Taking stearic acid as an example. 


C^HsjCOOIH 


CirHjsCO., 

/O 

c„H3,co/ 


NajO 


2Qjn35COONa 


Stearic acid. Stearic anhydride. 


Sodium stearate. 


2 X 284 550 


Thus 568 parts of stearic acid are equivalent to 550 parts 
of stearic anhydride. ' 


Therefore 100 parts of stearic acid are etjuivalent to x loo 


= 96-8 parts oftanhydride. 

^ Similarly it may be “shown that* 

100 parts palmitic acid are equivalent 96-48 parts of anhydride. 
iOO „ * oleic „ „ . „ g6-8 .. .. • .. 
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If therefole the percenta|re of fatty acid is mtlltiplied by 
0'9675 and the result taken as fatty anhydride no serious error 
will be introduced. 

Determination of Insoluble Mineral Matter in Soap. 

• Any insoluble mineral matter present will be left as a 
residue after the removal of soap and caustic alkali by alcohol, 
and the alkali salts by water. 

r. This residue should be ignited to remove any organic 
njatter and weighed. 

Determination of Water in Soap. 

Five gms. of soap, in the form of fine shavings, are heated 
in a porcelain dish large enough to allow of the soap being 
stirred freely with a glass rod, which has previously been 
weighed with the dish. 

The heating is carried out in a steam oven and is continued 
until the soap has attained a constant weight. 

Any volatile substances present in the soap, e.g. ethereal 
oils used for scenting etc., will be lost during drying and re¬ 
turned as moisture. 

Soapj bought in the ordinary way will, before reaching the 
laboratory, have lost more or less of the water they originally 
contained, the extent of the loss depending both on the n^re 
of the soap, the time and the conditions under which it has 
J)een kept. 

If the soap contains a considerable proportion of cauatic 
soda part of the loss on drying will be compensated for by the 
absorptioii of carbon dioxide. 

For these reasons the direct determination of water in 
soaps does not afford a very reliable means of valuation. 

O'yiER SUBSTANCES OCCURRING IN SOAPS. 

• 

In addition to the substances already dealt with, soaps may 
contain a variety of other substances, of which the most im¬ 
portant are glycerine* unsaponified or “ neutral ” fat, free fatty 
acid, unsaponifiable matt^r,frand phenols. 

* Vnsaponified or neutral fat is fat which has not been converted into soap. 

Vnsaponijiahle matter is organic matter other (^an fat, e.g. mineral oils, etc., 
and which therefore cannot be converted into soap. • 

Free fatty acids are seldom found «n soap though, as already noted (see 
p. 63), acid scf.ps formed when soap is dissolved in water. If free fatty acid 
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I. Glycine .—Small quantities of glycerine afe occasionally 
found in ordinary hard soaps, and considerable quantities may 
•be added to “ milled ” toilet soaps. 

Soft soaps may contain practically all the glycerine formed 
during the process of saponification. 

The method of detecting glycerine A soap has already 
been de.scribed under “Reactions of Soap’’ (see p. 57). * 

II. Unsaponified or “Neutral Fat". —Unsaponifigd fats or 

oils are very seldom met with in ordinary soaps, but in case of 
“ super-fatted ” soaps, the soap may be admixed with olive oB 
etc. < 

A soap containing iJnsaponified fat will not give a clear 
solution with hot distilled water, and a turbid solution after any 
insoluble matter, e.g. grit etc., has settled points to the presence 
of unsaponified fat or free fatty acid (possibly also unsaponi- 
fiable matter, see below). 

The unsaponified fat may be‘separated by shaking the 
aqueous solution with ether, any free fatty acid having first 
been neutralised with a little caustic soda. The ethereal layer 
is .separated and the ether distilled off on a water bath, the 
residue will contain the unsaponified fat (possibly also un- 
saponifiable matter, see below). 

IJI, Unsaponifiable Matter. —Small quantities of substances 
of the nature of mineral oils, e.g. paraffin oil, turpentine, etc,, 
^r^ sometimes added to soap with a view to increasing its 
cleansing powers. 

These substances will be removed together with any un¬ 
saponified fat when the soap solution is extracted with ether 
(see above). 

The residue obtained after the removal of the«ether may 
be heated with a little alcoholic potash. 

The unsaponified fat is thus converted into soap which 
goes into solution, and the unsaponifiable matter remains un¬ 
changed. ^ 

Since the unsaponifiable substances found in soap are 
usually volatile in steam they may often be readily detected 
by dissolving a considerable quantity of the soap, 50-iCXJgms., 
in water and distilling the solution in'steam. ConsidersJsle 
frofhing occurs under these conditions and it is therefore better, 

f« pretent an alcoholic solution of the toap will be acid to pbenolphthalein. . The 
amount of such free acid be determined by titrating ^is solution with deci- 
Aormal sodium hydroxide solution. ^ 
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before distilHlig, to convert ftje sr^jp into an insolttble barium 
soap by the addition of a slight excess of bariunf chloride 
Any “ oily ” substance^ollected»in the distillate shouW bp 
carefully separated from the aqueous "layer (by means of *a 
separating funnel), dried over calcium chloride and, if present 
in sufficient quantity, redistilled. 

* If a known weight of soap was used fOr the experiment, 
the volume of liquid thus distilled will give an approximate 
measure of the quantity of unsaponifiable matter present. 

More complete methods for determining the quantities of 
iRutral fat and unsaponifiable matter are given in “ Chemical 
Technology and Analysis of Oils %nd Fats,” Lewkowitsch 
(Macmillan). 

IV. Carbolic Acid .—Disinfecting soaps usually contain 
“ carbolic acid ” (a mixture of phenols and cresols), which may, 
be recognised by its characteristic odour. 

If present in sufficient quantity a determination of the 
amount can be made by the following method;— 

Weigh out about lOO gms. of the soap, dissolve in hot 
water and add sufficient caustic soda to make the solution 
strongly alkaline. Then add common salt to “ salt out ” the 
soap (see p. 57), filter off the curdy soap and wash it with 
saturate(^ brine. Concentrate the filtrate which contains the 
phenols and cresols as sodium phenoxides, and precipitate any 
soap still retained in the filtrate by the addition of more salt.^ 
Filter again, and concentrate the filtrate to a small bulk. 

^ Transfer the solution to a stoppered graduated cylinder of 
JO cc. to 100 c.c. capacity, add sufficient salt so that sgme 
remains undissolved, and acidify with sulphuric acid. The 
volume of separated phenols is then read off and the number of 
C.C., multiplied by I'OS,* may be taken as the number of gms. 
present. If greater accuracy is required the separated “ car¬ 
bolic acid” should be extracted by ether, the ether distilled oH 
on a waterjjath and the residue-weighed. 

^ • 

Discussion of the Results of Soap Analysis. 

. In making any ^luation of a soap the purpose for which 
the soap is sold must betaken into consideration. 

A!*soap which is to be used for laundry work requires ro 
be more carefully selected than, a soap which is to be em¬ 
ployed for ordinary household purpose!, since the presence of 

• See page 265. 
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substances Such as free alkali, resin, etc., may prc^luce injurious 
effects with Aelicate textile fabrics (see p. 59, also Chap. IV.). 

Soap used for laundryi.work should be a neutral “genuine 
s 5 ap” (see p. 59), arid should not contain: (i) gifc or in¬ 
soluble matter, (2) free alkali, either caustic or in the form of 
alkaline salts, (3) resin. 

The action of soap and water as a detergent will be d&lt 
with in the course of the lectures, but it should be n^ted here 
that the nature as well as the quantity of the fatty acids in a 
soap is of some considerable practical importance. 

A list of the principal fatty acids met with in soaps tb- 
gether with their molecufar weights is given below:— 


Formula. 

Molecular Weight. 

Saturated Acids :— 

Lauric acid, . COOH ^ . 

. 200 

Myristic „ Cj3H2j. COOH ' . 

. 228 

Palmitic „ CijHji. COOH 

256 

Stearic „ Cj^Hji. COOH 

. 284 

Unsaturated Acids :— 

Oleic acid, C17H33. COOH 

. 282 . 

Linoleic acid, C^Hji. COOH 

. 280 

•■Ricinoleic acid, C1JH32OH . COOH 

. 598 


. , faking soaps made from fatty acids of the same series, 
experience shows that the soaps of acids of high molecular 
weight possess lathering • and cleansing properties superior tot 
those of soaps made from acids lower in the series. If lauric 
acid (m.w. = 200) and palmitic acid (m.w. = 256) be taken 
as examples of fatty acids of the same series, then ^baps con¬ 
taining a high percentage of sodium palmitate would be 
superior to those containing a high percentage of sodium 
Jaurate. 

In making such comparisons the solubility of the soaps 
must be taken into accountf and as a rule the solubility'of a 
soap decreases as the molecular weight of the fatty acids in¬ 
creases, so that many soaps which are qtherwise suitable for 
laundry work possess the disadvantage of not being readily 
*'solul?ie in cold water. , 

The soaps of oleic acid (m.w. = 282) are, however, among 

* Laikgriitf power of soap .—A good soap will produce a good lather, but 
lathering alone cannot be taken as proof of a good soap since substances such 
as sodium xeainate produce a copious froth or lather (see p. u 
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the most soluble of all soapS, and these soaps tharefore com¬ 
bine the advantages of high molecular weight ind complete 
solubility in^ld water. ^ , , , 

It n«y, tnerefore, be stated that a ^ood soap for laund^^ 
purposes should consist of the sodium or potassium s^lts of 
fatty acids of higlT molecular weight, a proportion of these 
acids being oleic acid, associated with water and practically 
nothing,clse. 

' THE NATURE OF THE FATTY ACIDS PRESENT IN A SOAP. 

The separation, or even partial s^aration, of the fatty acids 
of a soap into the constituent fatty acids is an extremely com¬ 
plex matter and is not attempted in the practical examination 
of a soap as de.scribed above, but it may be noted that if a 
considerable proportion of oleic acid is present, the separated 
fatty acids will be of an ttily consistency and will not set well 
on cooling. 

Some indication of the nature of the fatty acids may also 
be obtained by a careful comparison of the amounts of com¬ 
bined alkali and fatty acid present, since the higher the mean 
molecular weight of the fatty acids, the lower will be the amount 
of combined alkali. 

Thi# may be shown by considering one or two typical 
examples. 

If lauric acid be taken as an example of a fatty ari^oC** 
relatively low molecular weight (200) and stearic acid as an 
• example of a fatty acid of relatively high molecular weight 
(284) the percentage of NajO in their respective sodium «alts 
can be calculated from the following equations;— 

2CJ1H23COOH + NajO -> 2CiiHj3COONa + HjO 
Laurie acid. Sodium laurate. 

2 X 200 62 2 X 222 

200 31 22> 

^her^ore 222 parts of sodi«m laurate contain 31 parts 
NajO, 

, . 31 X 100 

or 100 parts oi sodium laurate contain —— 

= 14-1 per cent.*NaaO 

-CijHjjCOOH + NajO = 2CiTH3jCOONa + HjO 
Stearic add. Sodkim stearate. 

2 X 284 62 . 2 X 306 

^84 31 306 
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Th^refois 306 parts sodium stearate contain 3^ parts NajO, 


or too 


31 X 100 


” ” ” 11306 

= lO'i paste NajO 

= lO'i per cent NajO. 

> . . . 

Similarly it may be shown that sodium oleate (oleic acid, 
m.w. = 280) and sodium myristate (myristic acid, m.w. = 228) 
contain I0'2 per cent, and 13-6 per cent. NajO respectively. 

If, therefore, the amount of NajO present in 100 parts of- 
actual soap (i.e. calculated by the addition of the amounts <jf 
fatty anhydrides and combined NajO, see p. 66) approximates 
to lo-i I parts, it may be assumed that acids of relatively high 
molecular weight are present, whereas if the amount of NajO 
approximates to 13-14 parts, acids of relatively low molecular 
weight are present. 

In making an examination of .a soap the results will 
usually be obtained in terms of fatty acid and combined alkali, 
and instead of calculating the amount of NajO present in too 
parts of actual soap, the same information as to the nature 
of the fatty acids may be deduced by considering the ratio of 
combined NajO to fatty acid. 

The equations given above show that— 


In the case of sodium laurate 


Combined Na^O 


stearate 


Fatty Acid 200 

3 ^ 
284 


6'4S. 


9 -n. 


Similarly it may be shown that this ratio gives gv in the 
case of sodium oleate and 7*3 in the case of sodium myri¬ 
state. 

Thus if the figure obtained on dividing the percentage of 
fatty acid in the soap by the percentage of combined alkali 
approximate to l)'0, the mean molecular weight of the fatty 
acids is high, and if it approximates to 7 o the mean moles;;lar 
weight is low. ‘ 

If the above considerations indicate the presence of acids 
jf relatively low molecular weight, it is prdbable that the soap 
was mcde from a mixture containing considerable proportions 
>f palm-nut oil or cocoa-ndt oil (see table, p. $5). In thi/case 
i more accurate determinatiori of the mean molecular weight 
if the fatty acids should “be made. 
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Determination the Mean Molecular Weight of the 
Fatty Aci^s. 

Tht^hiean molecular of the fatty acids may be determined 
by dissolving 2-5 gms. of the separated fatty acids (see*p. 61) 
in alcohol and titrating the solution with a seminormal solution 
of sodium hydroxide. 

For* this determination it is essential that the fatty acids 
should previously have been well washed with water to re¬ 
move mineral acid, and then carefully dried. 

• Since in the case of cocoa-nut oil and palm-nut oil some of 
the fatty acids present are soluble % water, a more accurate 
result is obtained, both for the determination of fatty acid 
and of the mean molecular weight, by decomposing the soap 
under ether and so bringing all the fatty acids into ethereal 
solution. 

If this alternative method is adopted, dissolve 5 gms. of 
the soap in hot water, transfer to a separating funnel and de¬ 
compose with hydrochloric acid. After cooling shake the 
solution with ether or petroleum ether (boiling-point below 
80° C.) and allow to stand until the mixture has separated 
into two clear layers. 

Separate the ethereal layer, shake the aqueous layes again 
with ether, and again separate the ethereal layer. 

Distil off the ether and weigh the residue; this give^^ifc- 
weight of fatty acids and from this the percentage of fatty 
I acids in the soap can be obtained (see p. 62). Dissolve the 
fatty acids in alcohol, add a few drops of phenolphthalein, 
and titrate the solution with a seminormal solution of sodium 
hydroxide. 

From the amount of sodium hydroxide required to neutral¬ 
ise the fatty acid, calculate the weight of fatty acid which ^ 
wfould be neutralised by 40 gms. of caustic ^da. This give* 
the mear^^quivalent of the fatty acids, and since the acids 
preifflt may be assumed to be mohobasic, this is equal to their 
mean molecular weight. 

If the mean mojfcular weight approximates to 280, acids 
of relatively high molecular, weight are present, and if it ap- 
prox-jjnates to 200, acid^of relatively low molecular weight are* 
present (see table, p. 70). 
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OTHER PREPARATIONS CONTAINING |OAP. 


Pry Soaps, Soap Powders and Soap Extracts. 

^ Dry Soaps are sometimes obtained in a shreddSd and 
sometrmes in a powdered form. , 

Shredded Soaps are usually of the nature of desiccated 
soaps, i.e. soaps which are artificially dried and therefore contain 
a high percentage of fatty acid, usually about 8o per cent! They 
should be examined by the methods described above. 

Soap Powders may contain dry soap only, but more often 
the dry soap is mixed with sodium carbonate or some othef 
form of alkali. The amounts of fatty acid, free and combined 
alkali can be determined as described above, but as the soap 
is sometimes only present in relatively small quantities, and 
the proportion of alkaline salts may be large, the method 
should be modified in the following jpspects ;— 

For the determination of the fatty acid not less than lo 
gms. of the powder should be used (see p. 6i). 

The residue, after the removal of the soap with alcohol, 
should be dissolved in water, the volume made up to zjo c.c. 
and 50 C.C. of the solution titrated with N/z acid (see p. 65). _ 

In the absence of free caustic alkali, the following alterna¬ 
tive method may be employed and is specially suitable for 
powders containing only a small proportion of soap. 

- ..Jfive gms. of the powder are treated with absolute alcohol to 
dissolve out the soap. The residue is filtered off and washed 
several times with hot alcohol. 

The alcoholic filtrate and washings are evaporated in a 
weighed dish on a water bath until all the alcohol is removed. 
After cooling the residue of soap is weighed. ‘ 

If the result is required in terms of fatty acid, it may be 
assunied that 88 parts of fatty acids are obtained from lOO 
parts of anhydrous soap (see p. 71). 

The residue insoluble in alcohol is dissolved inthot water 
and the alkali determined a§ described above. The pdwder 
should also be examined qualitatively for carbonate, borate and 
silicate (see p. 64), and if described as having bleaching prO- 
^rties, perborate should also be tq^ted for (see p. 149). 

* i 

Scourers, Household Cleansers, etc. 

Numerous scourers and household cleansers are now being 
sold. These preparations usfially contain a considerable 
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amount of ^it mixed with 'alkali in some cases, ahd alkali and 
soap in others. * 

The presence of soaf\ may be shown by heating the suj>- 
stance »«iith hot*water, filtering off th% insoluble matter -and 
adding hydrochloric acid to the filtrate. If soap is present an 
oily layer of fatty*acid will be obtained on warming. 

* The amount of grit, soap and alkali present may be deter¬ 
mined in the following manner :— 

Five gms. of the dry powder are treated with absolute 
alcohol and the soap determined as described above. 

• The residue is treated with hot water, the solution is filtered 
and the alkali in the filtrate determihed as abov& 

The insoluble matter is dried, ignited and weighed (see 
p. 67). 

Some of the insoluble matter may be examined under the 
microscope and the size of the particles compared with those 
of the more common fonns of grit, e.g. bathbrick, powdered 
pumice, fine sand, etc. 

Soap Pastes, Stain-removers, etc. 

Preparations consisting of a paste of soap and water, with 
or without the addition of some oxidising agent, e.g. sodium 
perborate, are sometimes sold as “stain-removers” or '“grease 
extractors ”. A measure of the amount of soap in such pre¬ 
parations may be obtained from a determination of the rfuny 
acid. 

The presence of oxidising agent may be shown by means 
of the reactions described under Bleaching Agents, ChaptSr V. 

Dry Cleaning Soaps. 

See Chapter VI. 

JMetal Polishes, Furniture Polishes, etc. 

These may contain soap, for methods of examination (see 
Chap. X.). 

** Experiments ON»THb Detergent Action of “Soap* 
* Solutions. 

The theoretical explanation of the’ detergent action of soap 
solutions will be dealt with tn the course of the lectures, and 
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the following experiments are deigned to demofistrate some 
of the more hnportant factors which have to be taken into 
apcount in dealing with S9ap and ,water as a detergent for 
lahndry purposes. 

THE EMULSIFICATION OF GREASE OIL, E^'C, BY ALKALINE 
SOLUTIONS. 

When a mixture of oil and water is well shaken, the oil is 
distributed throughout the water in the form of fine particles 
or drops, but on standing the mixture rapidly separates into 
two layers. i 

If an alkaline solution is used instead of water, the oil re¬ 
mains distributed throughout the solution in the form of a fine 
suspension, producing a milky fluid or emulsion. 

Mineral oils which are free from saponifiable matter 
cannot be readily emulsified by alkaline solutions, but in the 
presence of small amounts of saponifiable matter, a considerable 
amount of mineral oil can be held in a state of emulsification 
by an alkaline solution. 

Thus the emulsifying action of an alkaline solution appears 
to be partly dependent on the presence of some saponifiable 
matter; this may be illustrated by the following experi¬ 
ments ‘ 

Take four stoppered bottles (50-100 c.c. capacity) and 
"Tiiiraier i to 4. 

Into (i) and (2) introduce,5 drops of olive oil. 

„„ (3) „ 5 „ „ paraffin oil. 

» (4) 4 ,, „ » ,, and I drop 

of olive oil. 

To (i) add 25 C.C. of water and to each of the others add 
, 25 c.c..of a I per cent, solution of sodium carbonate. Shake 
each bottle well and observe that in (i) and (3) the mixture 
rapidly separates into two layers, whereas in (2) and U) an 
emulsjon is obtained. 

Soap dissolves in water giving a solution which is alkaline 
in reaction owing to the liberation of free alkali by hydrolysis 
(seep. 63). 

<1 The alkali thus liberated will by cits emulsifying artion 
assist the removal of dirt particles which contain saponifiable 
matter, e.g. grease, etc., but it must be emphasised that this 
, is ohly one of the factors whicE have to be taken into bon- 
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sideration iA dealing with the detergent action af soap solu¬ 
tions. 


ISBE “surface-activity” of‘SOAP SOLUTIONS. 


Allow a drop*of water and also a drop of aqueous soap 
solution to fall on to a piece of woollen fabric; observe that 
the wa^er maintains its spherical shape for a considerable time 
and is only slowly absorbed by the fabric, whereas the soap 
solution forms a flatter drop, spreads and is rapidly absorbed 
J)y the fabric. 

By dissolving soap in the water Jhe surface tension between 
the water and the fabric is lowered, the solution spreads over 
and wets the surface more readily than water, 
thus facilitating the cleansing of the fabric. 

Substances which have this power of 
lowering the surface Aedsion of the solvent 
in which they are dissolved are said to be 
“ surface-active ”. 

A measure of this “ surface-activity " may 
be obtained by means of an instrument 
known as a stalagmometer (or “drop-mea¬ 
surer ”). 

By“means of this instrument the size of 
the drops, formed when an unsaponifiable oil 
is allowed to issue from a small orifice into 
. a soap solution, can be compared with the 
* size of the drops formed when the oil issues 
into water. 

The^ Stalagmometer ,—The stalagmometer 
consists of a pipette the lower end of which 
is bent through i8o° (see Fig. 5). Near the 
other end is a small bulb. To the upper end of the instrument 
is attached, by means of a short piece ofr rubber tubing,*a 
glggjyl^Bfe drawn out to a fine .capillary. The lower end of 
the instrument is drawn out to a point and is then ground 
flat. 


0 




Fio. 5. 


Attention to clianliness and a little practice in manipulation 
are sufficient to ensurg correct drop-formation. 

Che instrument is filled with oil to a point above the uppei 
mark on the stem, and the lower end is dipped into the solution 
to be tested. Owing to air frictioh in the cajjjllary, the oi: 
issues slowly from the lowet end of the stalagmometer intc 
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the solutiontin drops, the size of which depet(ds upon the 
tension of the-interface separating the oil from the solution. 
A measure of the size of^the drops is obtained by counting 
tfifc .number of drops fiarmed while the liquid falls ^etween . 
the upper and lower marks on the stem of the instrument. 

If the drops are allowed to form in p6re water, they are 
large and the “ drop-number ” is small. < 

This is due to the large surface tension between thq oil and 
the water, which does not allow the drop to be detached till it 
is very large and the force due to buoyancy correspondingly 
great. * 

The addition to the w(\ter of substances which lower the 
surface tension causes a diminution in the size of the drops 
and an increase therefore in the drop-number. Most substances 
exhibit only a small effect, but in the case of ordinary soaps 
the effect is very considerable. 

Method of Using the Stalagmometer. 

To Fill the Stalagmometer with oil, e.g. benzene, immerse 
the lower end of the instrument in a beaker containing this 
substance. Remove the capillary, attach the upper end of the 
instrument to a water pump and draw up the benzene until it 
stands twell above the upper mark on the stem. Close the 
rubber tubing with a good pinch or screw clip and attach 
•♦Hftngapillary tube. The instrument is now ready for use. 

To Compare the Drop-Number in Water with the Drop- 
Number in Soap Solution. —Fix the instrument in position ' 
with* a clamp, release the clip and immerse the lower end of 
the instrument in a beaker containing water, so that the orifice 
is about an inch below the level of the water. When the 
benzene reaches the upper of the two marks start to count 
. the drops and continue counting until the benzene falls to the 
l6wer mark and record the drop-number. Repeat the experi¬ 
ment and take the mean of the two results. w- . 

Fill the instrument again and this time immerse it t 5 **i;he 
same depth in an aqueous soap solution (0’5-i per cent.). 
Count as before the number of drops fornvsd by the benzene 
between the two marks on the stenj. Take the mean of the 
, results of two experiments.. 

It will be observed that the drops formed in the soap solu¬ 
tion are considerably smaller than those formed in the water, 
arid that in consequence the drop-number in the former case 
js.grater than that in the latter. 
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The resAlts obtained ih a typical experimont were as 
follows:— 

Drop-number in wat^r, 28. 

„ „ soap solution 195. 

This experiment "shows that when an oily surface is in 
contact with a soap solution, there will be a tendency owing 
to the “surface-activity" of the soap, for the oil to distribute 
itself ill small drops, thus promoting the formation of an 
emulsion. 

This effect, it should be noted, cannot be attributed to the 
Sction of the alkali liberated by hydrolysis, since it was shown 
in the experiment described on pa^e 76, that the emulsifying 
action of alkali was dependent on the presence of saponifiable 
matter, whereas in the experiment just described the emulsify¬ 
ing effect is exhibited in the case of a neutral oil which is free 
from saponifiable matter- 

COMPARISON OF THE DETERGENT ACTION OF VARIOUS 
SOAP SOLUTIONS. 

A comparison of the cleansing powers of different solutions 
may be obtained in a direct and practical manner by washing 
pieces of dirty material in the solutions, under as nearly as 
possible the same conditions, and observing in each case the 
extent to which the dirt is removed. 

It is obvious that this method can only yield reliable'*?? 
• suits if the material used is uniformly dirty, and owing to 
difficulty of obtaining such material in actual practice, it has 
been found advisable to use an artificially soiled material, 
obtained by coating a piece of fabric with a fine deposit of 
lampblack. This material can be conveniently prepared in 
the following manner:— 

Preparation of “Dirty” Mattrial. 

•"Uut some white cotton fabrfc, which has been previously 
washed to remove the dressing and then well dried, into 
strips about 4 inches wide and about 20-25 inches long. 

Shake up some finely, divided lampblack in a considerably 
volueie of benzene and»pour some of the mixture into 'a flat- 
bottomed dish (a half-plate developing dish does very well for 
this purpose), pass each strip of cotton two or three times 
through the benzene, in a manner similar to that'employed in 
developifig a*roll film. 
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The material should be kept a's flat as possible during this 
operation, as^f allowed to crease the deposit will not be uni¬ 
form. , . 

•Suspend the strip, Stretched flat, over a dish or ^.k until 
quite dry. 

The material will be found to be fairlj^ uniformly coated 
with lampblack. 

The deposit at the ends of the strip will probably be less 
uniform than that covering the rest of the strip, but it should 
be found possible to cut off pieces of material 3-4 inches square 
on which the lampblack is evenly distributed. < 

If several strips are ter be coated, the benzene and lamp¬ 
black mixture in the dish should be renewed at frequent in¬ 
tervals and should be well shaken before pouring into the dish. 

With a little practice in manipulation this method will be 
found to give satisfactory results. 

Comparison of the Action of Aqueous and Alcoholic Soap 
Solutions on the “ Dirty ” Material. 

Take two pieces of the “dirty” material (prepared as 
above) of the same size and shape (about 3-4 inches square) 
and immerse one in 200 c.c. of a 0 5 per cent, solution of 
soap ifi water, and the other in a 0'5 per cent, solution of the 
same soap in alcohol. 

‘ r^dieat the solutions on water bath for about 'i 5 minutes, 
stirring at intervals. Remove the pieces of material from the 
solution and hang up to dry. 

The aqueous soap solution will be found to have removed 
the dirt much more completely than the alcoholic solution. 

Examination of the Soap Solutions .—Set aside some of the 
soap solutions used in the experiment which contain the dirt 
particles removed from the fabric during the washing process. 
* Observe that in the alcoholic soap solution the dirt particles 
rapidly settle to the bottom, leaving the soap solut!».r,Jiearly 
clear. 

In the case of the aqueous soap solution this separation is 
only partial, most of the dirt remains suspended in the soap 
fwlutiQp and may not settle for several days. 

The greater cleansing action of the aqueous soap so,*ution 
would, therefore, seem to depqnd on the fact that in this solu¬ 
tion the dir^ particles arfe in a more perfect state of suspension 
thaq in the alcoholic solution, and are thus removed more com- 
p^ely,froiif the fat>ric, 
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In furtherlllustration of this point the following experiment 
should be made:— 

Shake up a small quantity of l 3 mpj)lack (about O'l gm f 
with locv-c. of*the alcoholic soap solution and warm fhe 
mixture on a wate^f bath for about ten minutes. Stir* well 
and filter through a disc filter, using a water pump. 

*Do the same experiment with the aqueous soap solution, 
using th® same quantity of lampblack and the same volume 
of solution. 

The alcoholic solution will be found to filter clear, or 
aRnost clear, and the lampblack will be left almost entirely on 
the filter paper, forming a thick blaclf deposit. 



A B 

Fig. 6.—Residues obtained on filtering A alcoholic, B aqueous soap solutions 
of the same concentration containing equal weights of lampblack. 

With‘the aqueous solution the filtrate is dark in colour, 
showing that some of the lampblack is still in suspension, and 
although some of the lampblack is left on the filter, the depcjif* 
is^much less than that obtained from the alcoholic solution. 

• Thus in the case of the alcoholic soap solution the particles 
can be separated from the solution almost completely by filtfe- 
tion, whereas in the aqueous solution they are in a more per¬ 
fect state of suspension and cannot be readily separated by 
this means. 

A photograph of the deposits obtained on filtering lOO c.c. 
of a 0‘5 per cent aqueous and a 0-5 per cent? alcoholic soap 
solutionxp*«:aining O'l gm. of suspended lampblack is shown 
in FifT^ 

TO SHOW HOW THE CLEANSING ACTION OF A SOAP SOLU¬ 
TION VARIES WITH'THE CONCENTRATION. 

If tffe washing of fabrics is to be carried out without undue 
wastage of soap, it is important to"know»how far the cleansing 
action of a soap solution depends on the amount of soap 
present 
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The foflpwing experiments are designed to sl^ow how some 
idea of the optimum concentration of soap for washing pur- 
•>poses may be obtained. ‘ , 

' It is, however, imfwrtant to remember that this/<oncentra- 
tion “will vary with the nature and state of dryness of the soap 
used and also with the nature of the water, since with hard 
water more soap will necessarily be required than with 'soft 
water. 

If pieces of uniformity dirty material of the same size and 
shape are washed in equal volumes of soap solutions of varying 
concentration, under exactly similar conditions, it should 'be 
possible, by carefully co'mparing the strips, to see with which 
concentration the dirt is most completely removed. 

To do this it is first of all necessary to prepare a series of 
soap solutions of different concentrations. 

If the maximum concentration used is 2 per cent, and 200 
C.C. of solution are used for each 'experiment, these solutions 
can conveniently be prepared in the following manner:— 

Dissolve 10 gms. of good, moderately dry, laundry soap in 
water and make up the volume to 500 c.c. 

Take five beakers (300-350 c.c.), preferably of the s^e 
shape, and measure out the soap solution into them in the fol¬ 
lowing manner;— , . 

(1) 200 c.c. of prepared soap solution (concentration = 2 

per cent.). 

(2) 100 C.C. of prepared soap solution + 100 c.c. water 

(concentration = i per cent). ’ 

(3) 50 c.c. of prepared soap solution + 150 ac. water 

(concentration = 0'5 per cent). 

(4) 25 C.C. of prepared soap solution + 175'c.c. water 

(concentration = 0'25 per cent). 

.(5) I 2‘5 C.C. of prepared soap solution + 187-5 c-c. water 

(concentration = 0-125 per cent). 

Cut five pieces ofdirty material (3-4 inches square). Thesq 
strips should all be of the ^ame size and shape, andimfc^cting 
them care should be taken to see that the deposit is evenly 
distributed and of about the same depth in each case. 

Immerse one piece of material in each beaker. Place the 
bealcers on a hot plate ,or sand ba^h and heat until the soap 
solution boils. 

The contents of each b&ker should be stirred at intervals, 
'each solution receiving as nearly as possible the same treat- 
«{ilent'. k may also be necessary to interchange £he ppkition 
'bf lie. beakers fibrn time to time to ensure unifqrm heating. 

* .. > * - iii - 
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Allow th^solutions to boll for about lo minuted. Remove 
the pieces of fabric from the solutions and put the solutions 
aside for further observatiop. 

Rins'‘.^ach p®ce of material twice Vith cold water, using 
about 200 c.c. of water for each rinsing, and spread out to dry. 

Avoid squeezing or a streaked appearance may be obtained. 

•When the pieces of fabric are diy their appearances should 
be carefully compared. 

The cleansing action, it will be noted, appears to be greatest 
with the intermediate concentrations of soap. The best results 
ate usually obtained either with O'5 or 0-25 per cent, of soap, 
whilst the 2 per cent, solution is ofton inferior in its cleansing 
action to the solution containing only 0’i2 5 per cent. 

These results are borne out by observations on the soap 
solutions used in the experiment, since on allowing these to 
stand for some time, it will be noted that the dirt particles 
separate out most slowljf from the solution in which the 
cleansing action appeared to be the greatest. 

The 2 per cent, and probably the i per cent, solution will 
form a jelly on cooling, thus preventing the further separation 
of the dirt particles ; but as a rule considerable separation will 
take place in these solutions before they set. 

If hajid washers or washing machines are available,rfhese 
experiments may be repeated on a larger scale, subjecting each 
piece of material to as nearly as possible the same treatment, 
for the same length of time. 

• Such experiments should yield results similar to those ob¬ 
tained on the small scale. ^ 

As in the case of aqueous and alcoholic soap solutions, this 
relation between cleansing and suspending power may be 
further demonstrated by warming equal weights of lampblack 
with equal volumes of the different soap solutions and filtering 
through a disc filter. , 

It will be observed that the deposit left* on the filter is 
least^v»Aif*?lie concentrations whieh were noted to have the 
best cleansing action. 

Instead of making a fresh experiment, equal volumes of 
the dirty solutions obtained in the first experiment may be 
filtered, but this does nob^ite strictly comparable results,*since 
the solStions which have the best cfeansing action will have 
removed more dirt from the fabric tl^n the others and will 
therefore contain more dirt in suspension. 

A photpgragh of strips of dirty material after washing 
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in 2 per cenf., 0’25 per cent, and 0'I25 per centf soap solution 
respectively are shown in Fig. 7, together with the deposit 
sobtained on filtering equil volumes of solutions of these con- 
cehtrations, containing equal weights of larfpblack 

A 



B' C' D' 

Fig. 7.—a, “ dirty ” material before washing; B, C, D, “ dirty ” material after 
washing B in a per cent., C in o'ay per cent., D in 0-125 per cent, soap solution ; 
B', C', D', residues obtaining on filtering, B' 2 per cent,, C' 0-25 pet cent., D' 0-125 
pet cent, soap solutions containing equal weights of lampblack. 

If time allows, this method of experimenting may be ex¬ 
tended to deal with a number of other problems in connection 
with the use of’soap pnd water as a detergent. 

The following subjects tre suggested as being snmlj^e for 
treatment in this manner:— 

Comparison of the Detergent Action of Different Types 
of Soap, e.g. soaps made from fatty aefids of relatively high 
and relatively low molecular weight ^nd from saturated and 
unsaturated acids. 

In making such experiments it is advisable, unless pure 
soaps are tavailable, to work with solutions containing equal 
weights o{ combined Na^O, as’ in this manner any difference 
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in the water Jontent of tljp soap is allowed for anJ a fair com¬ 
parison is obtained. * 

Concentration of SoaQ Solution Required for Washing^ 
at Low ^empejatures. —Most articles dealt with • in the 
laundry are washed with boiling water, but woollen or silk 
goods are usually Vashed in lukewarm water (about 40° C.) 
The optimum concentration of soap required for washing at 
the latte*' temperature maybe investigated in the manner pre¬ 
viously described, by keeping the solutions for some time at 
40° C. instead of raising them to the boiling point. 

• Comparison of the Cleansing Action of Soap Solutions 
with that of Other Detergents. —Jhe detergent action of 
other substances commonly added to, or substituted for soap, 
e.g. alkaline resinates, bran water, cereal soaps, etc., may be 
investigated by this method, their action in each case being 
compared with that of an ordinary soap solution when used 
under exactly the same cdhditions. 

EXPERIMENTS TO SHOW THAT SOAP IS TAKEN UP OR 
“ADSORBED” BY THE DIRT PARTICLES AND BY THE 
FABRIC DURING THE PROCESS OF WASHING. 

It is a matter of common observation in laundry work 
that theWntroduction of a considerable bulk of dirty material 
into a lather of soap and water causes a rapid disappearance 
of the lather. 

This disappearance of the lather may be partly accounted 
ibr By the taking up or ‘‘ adsorption ” of soap both by the dirt 
and by the fabric. • 

To demonstrate this the following experiments may be 
made:— * 

Make up a 0'5 per cent, solution of a good laundry soap. 
Measure out 100 c.c. of distilled water into a stoppered 
bottle (capacity = 250 c.c.), and by running in ^le soap solution* 
from a bujfitte find the number of c.c. of "soap solution required 
to pKifl^e a permanent (3 minutes) lather (usually about 2 c.c.). 

(a) Take about 0'2 gm. of finely divided lampblack, wash 
it into a stoppered Jsottle with distilled water, adding in all 
100 c.c. of water. Shake^.well. Run in soap solution as 
before ^ntil a permanenfJather is obtained. It will be found 
that a greater volume of soap solution is required than with 
water alone. 

( 4 ) Introduce a piece of cotton wool (about 0-2* gm.) into 
a stoppered bottle, add 100 c.c. water, shake well,*and again 
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determine Ihe volume of soap solution required to produce 
a permanent lather. As in the previous experiment this will 
4)e found to be greater thdn that raquired by water alorie. 

' This experiment rnay be repeated, using Vool fibres instead 
of cotton wool. A similar result is obtained. ^ 

In carrying out these experiments the three minutes limit 
for the lather should be strictly adhered to, since in the presence 
of the lampblack or cotton a copious lather, which at first 
appears quite permanent, will be often found to have disap¬ 
peared within the prescribed three minutes. 
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TEXTILE FIBRES. 

"JBE fibres used in the manufacture of textiles fall naturally 
into three groups according to their origin :— 

(1) Animal fibres. 

(2) Vegetable „ 

(3) Mineral 

I. Animal Fibres. —Of these the most important are :— 

Wool —hair fibre of the sheep. 

Silk —from the mulberry silk worm {Bombyx inori), culti¬ 
vated for that purpose. 

Wild Silks, e.g. Tussah—from the larvae of other moths 
not usually cultivated. 

II. yegetable Fibres. —Of these the most important^re;— 

Cotton—setA hairs of various species of Gossypium. 

Bast Fibres —from stems of dicotyledonous plants, e.g. 
flax, hemp, ramie, jute. 

’ III. Mineral Fibres. —Apart from fine threads of metal, 
glass, etc., used for embroidery, the only important re'pre- 
sentativq of this group is Asbestos which consists chiefly of 
calcium and magnesium silicates. 

Reactions oe Animal and Vegetable Fibres. ^ 

• o 

Anjgal fibres may be distinguished from vegetable both 
by*cl5eir appearance under the microscope and by their chemi¬ 
cal reactions. Animal fibres are composed chiefiy of protein 
substances and ther,pfore contain nitrogen in addition to carbon, 
hydrogen, and oxygen, ar^d in the case of wool sulphur^ is also 
preset. » 

Vegetable fibres consist almost entirely of cellulose 
(CiHijOjjn, or, in some cases, a’ derivative of cellulose, ligno- 
cellulose (CuHigOj),; they ere therefore of the nature of 

(87) 
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carbohydrates. This difference rn composition tan be shown 
by the following reactions:— 

I . Ignite fibres of wccjl and silk, and also of cotton and 
hnen (flax) and observf: the mannef in whicl^ they burn. 

Animal fibres tend to smoulder and give the chzffacteristic 
smell'of burning nitrogenous matter. < 

Vegetable fibres burn very readily with no appreciable 
smell. 

II. Heat animal and vegetable fibres in dry test tubes and 
note that in the case of animal fibres the fumes given off are 
alkaline (due to presence of ammonia), whereas in the case qf 
vegetable fibres the fumes are slightly acid. 

III. The protein nature of animal fibres may also be shown 
by means of the Xanthoproteic reaction as follows;— 

Heat fibres of wool and silk with a little concentrated 
nitric acid. The solutions become yellow, and on adding 
excess of ammonia turn brown. "Siis reaction is not given 
by vegetable fibres. 

IV. Animal fibres dye more readily than vegetable fibres ; 
wool, for example, can often be dyed satisfactorily without 
using a mordant to fix the colour. 

(a) Heat fibres of wool, silk, cotton and linen with a solu¬ 
tion of picric acid. Remove the fibres from the solution and 
wash Arith cold water. The colour is retained on wool dnd silk, 
but washes out almost completely from cotton and linen. 
•ifc.(i) A similar experiment may be made, using absolution of 
fuchsine (magenta). . . 

The solution of fuchsine is prepared by dissolving i gm. of 
fuchsine in lOO c.c. of water and adding caustic soda solution 
until the solution is decolorised. The solution is thep filtered 
and kept in a well-stoppered bottle. 

Immerse the fibres to be tested in the solution and warm 
gently.* Rinse well and then place the fibres in water made 
Slightly acid with acetic acid. 

Animal fibres combine \yith the dye (see p. Q<^«aj^l will 
be dyed red (i.e. the original colour of the fuchsine), iind 
vegetable fibres will remain colourless. 

V. Animal fibres are much more r/;adily attacked by 

^Ikalis.than vegetable fibres. This is very important from 
the point of view of laundry work. * r 

Warm animal and vegetable fibres with a lo per cent, 
solution of ^sodium hydfoxide (bench solution may be used). 

*Care should be taken not to prolong the heating or the ^pool will be 
4i|tiolved;, * 
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Wool Qissolves, giving a yellowish-brown solution. 

Silk „ slowly. * 

Cotton turns faintly yellow but does not dissolve. ‘ 
Linen brownish-yellow ,f „ „ 

Wool. 

. Wool is the hair fibre of the sheep. The hair fibres of other 
aSimals, e.g. goats, camels, etc., are sometimes used, but to a 
much more limited extent than those of the sheep. 

• Raw wool contains a large percentage of impurities. These 
impurities consist chiefly of:— 

(1) Wool grease, a fatty substance which serves as a pro¬ 
tective coating to the fibres. Raw wool fibres with the grease 
still attached are shown in Plate I, Fig. I. 

Wool grease contains the alcohol cholesterol (CjjH^jOH) 
and is the chief source ofl;he product known as “lanoline”. 

(2) Suint, the dried perspiration of the sheep, which 
consists chiefly of sodium and potassium soaps. 

(3) Vegetable matter, straw and other vegetable fibres. 

(4) Mineral matter, clay, grit, etc. 

In the ordinary process of wool “ scouring,” the wool is 
washed with soap and alkalis (avoiding caustic alkaljs, see 
p. 91). Any vegetable matter still adhering can then be 
removed by a process known as carbonising. The wool is 
treated with dilute sulphuric acid and then heated to 60L 
8oiC. The vegetable matter is thus rendered brittle by partial 
charring and can be shaken out of the wool. (Compare 
method of determining wool in wool and cotton fabrics, 
p. 128.), The sulphuric acid is neutralised and washed out 
The further mechanical processes of “carding,” “spinning” 
and “weaving” need not be dealt with here. 

MICROSCOPICAL APPEARANCE. 

^ool is a rounded fibre and shows a characteristic epidermis 
of horny scales or serrations (see Plate 1 , Fig. 2). It is tc 5 
these serrations that the tendency of the fibres to felt is attri¬ 
buted. Coarse wools, vvith’ projecting scales, felt much more< 
readil)»than those approjcimating to a*smooth hair-like structure. 
For,diagrams showing different.types of wool see Matthews, 
“Textile Fibres ” (Wiley), and Mitchell and Prideanx, “ Fibres 
Used in Textile and Allied In'dustries ” fScott, Greenwood). 
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CHEMICAL REACTIONS OF WOOL. 

( ; 

•Wool contains a pr6tein-like substance, Keratin, which may 
be represented by the formula C43H7iOj3N,3S; from this an 
amino acid, Lanuginic add* may be extracted, and when wool 
undergoes hydrolytic decomposition a series of other amino 
acids is obtained. 

The presence of an atnino group in wool is shown by the fact 
that ammonia is among the decomposition products obtained 
when wool is heated (see p. 88, II.). Its presence may also 
be shown by treating wool with nitrous acid when the wool 
becomes diazotised (see below), and on treatment with alka¬ 
line solutions of various phenols a variety of colours can be 
obtained. 


Diazotisation of Wool. 

Add a cold solution of nitrous acid (a solution of sodium 
nitrite acidified with hydrochloric acid) to some white wool 
fibres. 

The wool becomes yellow, and on treatment with boiling 
water or a solution of caustic soda turns brown. 

S6me of the diazotised wool should be treated with:— 

I. Stannous chloride solution; on warming the colour is 
d'scharged. 

II. An alkaline solution of {a) resorcin, {b) a-naphthol. 

(a) resorcin—orange colour turns red with sulphuric adcL 

• {b) a-naphthol—red colour „ black „ ,, „ 

After treating with the alkaline solution of the phenols 

the fibres should be washed with water before adding the 
sulphuric acid. 

The,Presence of Sulphur in Wool. 

This can be shown by warming some wool fibres with 
a solution of caustic soda and then adding lead aceiate 
solution. A brown colour is produced owing to the formation 
of lead sulphide. ' 

‘ Silk does not contain sulphur **0(1, this, therefore, forms a 
distinguishing test betwedh silk and wool. 

* LanugHic acid is stated by Knecht to have the following compotflidh:— 

C = 46-1; H = 7-31; N =io'26^ S = 3-35; O = 31-44 per cenC 
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REACTIONS OF WOOL 
The Action of Acids on Woolj 

When wool is treated with dilute acids it apparently under¬ 
goes very little ^hange. 

Acid? are, however, readily absorbed by wool, an,d if a 
woollen fabric is ft-eated with dilute sulphuric acid it is almost 
impossible to remove all the acid from the fabric by washing 
Mily, ajthough the amount of acid actually retained in the 
Wool is very small. 

'Wool which has been treated with acid is rendered more 
reactive towards acid dyes. This may be shown by the follow¬ 
ing experiment. , 

Warm a piece of white woollen fabric with dilute sulphuric 
acid, wash with cold water and dye in a solution of picric acid. 

Compare the colour with that of a piece of the fabric dyed 
directly without previous treatment with acid. 

Wool dissolves slowly in strong sulphuric acid on heating, 
but it does not dissolve in the cold. (Compare Silk, p. 96.) 

A solution of wool in sulphuric acid has the property of 
precipitating any of the acid colouring matters from their 
solution. This fact, when considered in connection with the 
increased affinity of wool which has been treated with acid for 
acid dyes, shows that by the action of the acid on wocjl, there 
is produced a substance having the property, not previously 
possessed by wool, of forming lakes with acid colouring matters. 

For the action of nitric and nitrous acids on wool see pages 
'•88>and 90. 


• The Action of Alkalis on Wool. * 

Wool is rapidly disintegrated by solutions of caustic soda 
containing from I-IO per cent, of the alkali (see p. 88, V.). 

The action of caustic alkali on wool is much more marked 
than that of the mild alkalis. This may be shown by warm¬ 
ing wool fibres (a) with a I per cent, solution of caustic soda, 
(i^ with a 10 per cent, solution of sodium carbonate, and 
observing that the action of the alkali is much more marked 
in (a) than in ( 3 ). 

*Mercen'sed Wool .—Although wool is rapidly disintegrated 
by dilute solutions of Caustic alkali, stronger solutions^sicrea^ 
the strength of the fibres and render it lustrous. The wool is 
then said to be mercerised. ‘ ■ 

Cover a piece of woollen fabric with a 35 percent, solu"’ 

* For (he meaning of the term “ merceriBed” see page iia. 
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of caustic so'da and allow it to stand for about 5 minutes at 
the room temperature, 

, Wash the wool with cold water, dry and note its appearance. 

•Examine some of ^he fibres under the /microscope; ob¬ 
serve that they appear smoother and more transparent than 
before, and that the scale markings are faint. 

The Action of Chlorine on Wool. 

The action of chlorine on wool is somewhat peculiar. 
Wool can be completely decomposed by chlorine gas, or even, 
by a strong solution of chlorine water; but in weak solutions 
the wool absorbs a considerable quantity of chlorine and 
becomes altered in character. Wool that has been so treated 
is rather harsh, has a high lustre and takes on a silk-like 
“scroop”. It loses its felting properties, and its affinity for 
colouring matters is increased. 

The following experiments may be made to show the pro¬ 
perties of chlorinated wool. 

I. Treat some wool fibres with chlorine water. Wash and 
dry and examine under the microscope. Bromine water may 
also be used. 

The scales on the epidermis are much less prominent than 
in the case of untreated fibres (see Plate I, Fig, 3). " 

This accounts for the- loss in felting properties referred to 
above (see also p. 89). 

In comparing fibres of chlorinated and ordinary wqqI,. 
fibres of each kind may be mounted on the same slide. If the 
untfbated fibres are previously stained with dilute picric acid, 
they can be distinguished from the others under thp micro¬ 
scope and the differences become readily apparent 

II. Treat a piece of woollen material with a solution of 
alkaline hypochlorite, or bleaching powder, yielding 3-4 per 
cent, of available chlorine (see Bleaching Agents, p. 135). 

Acidify the solution with hydrochloric acid, and after stand¬ 
ing a few minutes remove the wool, and rinse thoroughly wRh 
cold water. Finally, wash the wool with soap and water, 
rinse and dry. i 

t Thft,appearance and feel of the Jaljric should be carefully 
observed. If a drop of water is allowfid to fall on the chlorin¬ 
ated fabric, the drop is abscyrbed, forming a circular spot; 
whereas in t^e case of ordinary wool the drop retains its,shape 
for a considerable time, and when finally absorbed by the 
fabric, the wetted portion is irregular in shape. • 
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The chlSrinating of wodi, as described above,* is made use 
of in the production of unshrinkable woollens.* Experience, 
however, shows that such materials usually wear badly. 

III. Dip pieces of chlorinated anci untreated wool into *a 
dilute solhtion of methyl violet and warm gently. ^ 

Rinse well wiA cold water, dry and compare the colours. 

• The chlorinated wool takes up more colour than the un¬ 
treated, wool. 

* Two colour effects in woollen fabrics are sometimes 
obtained by weaving together threads of chlorinated and un- 
dtreated wool, and dyeing the fabric thus obtained. 

Wool which is to be dyed black is also sometimes treated 
with chlorine in order to increase the depth of colour. 

The Dyeing of Wool. 

The affinity of wool Jor dyes and colouring matters has 
already been dealt with in the course of the above experiments. 

Wool, it should be noted, is, as regards colouring matters, 
the most reactive of all the textile fibres. It combines 
directly with both acid and basic dyes, and this is attributable 
to the presence of groupings characteristic of the amino acids 
(see p. 90). The wool therefore exhibits both acid and basic 
properties. ’ 

If glycine be taken as a typical example of an amino acid 
the reaction with acids and bases can be illustrated by the 
Jollowing equations:— 

/HCl 

CH,NH,COOH + HC 1 ->CHjNH/ 

Amino add. Add. COOH 

, Hydrochloride of acid. 

CH3NH2COOH + NaOH -5- CHjNHaCOONa + HjO 

Amino acid. Base. Sodium salt of acid. 

Detection of Dyed Fibres .—Wool fibres .dyed to resemble 
those of the natural yellowish-Jjrown* tint are best detected 
bj*the microscope. A brilliant (daylight) illumination should 
be used and the iris diaphragm should be wide open. 

Under these copditions the pigment particles in the natural 
coloured fibres will be dearly seen as dots or broken lines^ 
sugg^ting an interrupted or stippled colour surface. 

Artificially coloured fibres exhibit under these conditions 
an absolutely uniform colour, and ‘can therefore be c^stin- 
guished from the natural fib»es however nearly the tint may 
be matcHed. • 
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D Hygroscopic Character of Wool. 

Wool is very hygroscopic and exhibits this property to a 
more marked extent than any of the other textile fibres. 

•The amount of moisture in wool variesi* consic^prably ac¬ 
cording to the humidity and temperature ,of the surrounding 
atmosphere. Under average conditions it is usually from 
12-14 psf cent. 

Since wool is sold by weight on a large scale, saies haVe 
to be based on the proportion of moisture in the wool, and the 
official processes for determining this amount are termed 
“ conditioning ”, (For further details of these processes see 
Matthews, "Textile Fibred” (Wiley).) 

In making quantitative experiments with fabrics containing 
wool, precautions should be taken to ensure that the fabric is 
weighed under the same atmospheric conditions, before and 
after the experiment. 

For this reason wool which has undergone any process 
involving washing and subsequent drying should be allowed to 
stand for some considerable time at the room temperature 
before reweighing, so that the moisture content* may be the 
same as in the first weighing. All the weighings should,.if 
possible, be carried out on the same day. 

If more accurate results are required, the fabric should be 
dried at 100° C. to con.stjnt weight both before and after the 
experiment, and weighed in a stoppered vessel. 

Silk. 

Silk is obtained from the cocoons of a species of cater¬ 
pillar {Bomhyx mori) which feeds upon the leaves of the 
mulberry tree. 

In- making the silk, the silk-worm secretes a viscous fluid, 
fiiroin, from two^ glands in its body and forces this liquid 
through two minute channels in its head into a single exit 
tube. Two other glands deliver into the same exit tube, a 
cementing or fixing fluid, sericin. As it emerges from the head 
of the silk-worm the fibroin coagulates, ^forming a double 
filament coated with sericin (see Pljite I, F'ig. 5). 

* Besfdes the mulberry jilk-worra {Somiyx mori) there are 
other varieties of caterpillars, which also produce silk in suffi- 
cient^quantity to be of«cominercial importance. These silk- 
'wdrms are nbt capable of being (Cultivated like the mulberry 
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‘ silk-worm, and for this reason the silk obtained, from these 
caterpillars is called wild silk; the most important is Tussak 
silk. 

Raw silk contains about 75 per cent* of real silk, i.e. fibroit?, 
and about'25 per bent, of sericin, sometimes called “ silk ^um ” 
or “ silk glue "Phis latter substance is soluble in hot water, 
forming a jelly on cooling, and is therefore also termed “ silk 
gelatine,”. 

• In preparing silk for use, part or all of the sericin is removed 
by a hot solution of soap and water, and this process is de¬ 
scribed as “degumming” or "boiling-off". 

If the silk is completely “ boiled off” * it loses from 20-25 
per cent, of its weight and becomes loft and glossy. The soap 
solution containing the sericin (boiled-off liquor) is subsequently 
used in the dye bath as an assistant in fixing the colour. 

Properties of Silk Fibres. —^Silk fibres are characterised by 
extreme fineness and great* length. The diameter of the 
cocoon threads is about 0'0005^'0007 inch, or, expressed in 
another form, there are from 1430-2000 threads to the inch. 
These threads are often from 1300-1400 yds. long. Silk has 
a high lustre and great tejisile strength and elasticity. The 
tensile strength of a silk thread is said to be almost equal to 
that ^f an iron wire of the same diameter. 

MICROSCOPICAL APPEARANCE. 

^ ^Raw silk is seen under the microscope to consist of a double 
' filament coated irregularly with particles of sericin (see Plate 

I. Fig- 5 )- • 

Boiled-off silk ippears as a fine, rounded fibre, devoid of 
structure and of fairly uniform thickness (see Plate I, Fig. 6). 

If examined under polarised light very fine colour effects 
are obtained. 

Wild Silks. —The microscopical appearance of wild silksfis 
quite different from that of true sylk {Bombyx ntort). The fibres 
ate broad and flat and show considerable variations in width. 
Longitudinally the fibres exhibit distinct striations and also 
peculiar cross marjiings. usually running obliquely across the 
fibre (see Plate II, Fi^. 7^, 

* 9 oiUd-off silk is the term used to desaibe silk which has lost from 20-30 
per cent, of its weight during the degumming process. 

SoHpU silk is silk which has only lost iron* 8 -t 2 per cent, of its weight and 
therefore still contains a considerable^proportion of the sericin.« * 

Ecru sflk is silk which has only lost from 3-4 per cent, of its weight and 
therefore still cotftains nearly all the sericin. 
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The striated appearance of'wild silk is evidence that 
structurally the fibre is composed of minute filaments. 

‘ The appearance of wild silk under polarised light is also 
Hifferent from that of true silk. 

\ 

CHEMICAL REACTIONS OF SILK. 

The two principal constituents of silk are, as already noted, 
fibroin and sericin; both these are protein substances a'id 
contain amino acid groups. 

The silk fibres obtained after boiling off the sericin are 
composed almost entirely of fibroin. 

■Phe formulas obtainetl for fibroin by different observers 
vary considerably, and the fibroin of wild silk appears to differ 
somewhat from that of ordinary silk. In this connection it 
may be noted that wild silks are more resistant than ordinary 
silk to the action of acids and other ,solvents (see below). 

Fibroin, unlike the protein in wool, does not contain sul¬ 
phur, and methods of distinguishing between the two fibres in 
mixtures have been based on this fact 

The presence of an amino group in silk may be shown by 
means of the reactions described in the case of wool (p. 90). 

The Action of Acids on Silk. 

Strong acids dissolve" silk more or less rapidly, while weak 
organic acids are readily absorbed. 

Sulphuric add dissolves silk in the cold, but if allowed t« 
act for a short time only causes a contraction of the fibre. 

Wild silk, e.g. tussah, is affected to a much less extent, and 
this fact is made use of in producing silk crapes by the action 
of sulphuric acid on mixtures of silk and tussah silk. 

Treat specimens of silk (white washing)* and tussah silk 
with sulphuric acid (concentrated acid diluted equal parts 
wth water), and ‘observe that the true silk dissolves more 
readily than the tussah*silk. • 

Hydrochloric Add .—Silk dissolves in strong hydrochloric 
acid in the cold, and this is made use of in separating silk 
fro® cotton and wool in mixtures (see pr 131), and also in 
•xamining silk for weighting (see p.’*iop). 

ATVrnr (see p. 88, HI.). * 1 

Nitrous Add .—Action similar to that on wool (see p. 90). 

* White wafliing silk usually contain^ very little weighting and may there* 
fore^)^ used fpr showing the reactions of silk. 
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Hydrofluoric Add. —A dilute solution of hydrofluoric acid 
.(5 per cent.) does not attack silk to any markecf extent, and 
this acid is sometimes used for extracting the weighting, 
materials from si|k (see p. 103). 

Tanni*Acid or Tannin. —Silk readily absorbs tannicacid, 
and this absorption is made use of in the dyeing and weight¬ 
ing of silk (see p. 98). 

, To show the absorption of tannic acid by silk, warm a 
piSce of white silk in a solution of tannic acid, wash well with 
water and then immerse the silk in a solution of ferric chloride. 
A dark coloration is produced on the silk by the formation 
of iron tannate. 

The Action of Alkalis on Silk. 

Hot, concentrated solutions of caustic alkali dissolve silk 
(see p. 88, V.), but it is dot affected by dilute alkalis to the 
same extent as wool. This may be shown by comparing the 
action of a i per cent, solution of caustic soda on wool and on 
silk fibres. 

Sericin, it should be noted, is readily soluble in dilute alkalis 
including ammonia. (See also removal of sericin by action of 
soap ai d water, p. 95.) 

The Action of Other Reagents on Silk. 

«,Eibroin is soluble in an ammoniacal solution of copper 
bxide (cuprammonium solution), but sericin does not dissolve. 
Hence “boiled-off” silk dissolves in this reagent, and in tne 
case of ra\y silk the fibroin dissolves, leaving the sericin. 

An alkaline solution of copper oxide containing glycerine 
dissolves silk, but is without action on lustra-celluloses (see 
p. 119, also p. 133). Silk is also soluble in a boiling solu-» 
tion of basic zinc chloride (Eisner’s reagent), knd this reagent 
is used for dissolving out the silk from a mixed fabric (see 
P- 1 ^ 3 ). 

Silk is rapidly destroyed by the action of chlorine, and 
bleaching powder and solutions of hypochlorites should net 
be used for bleaching siljc ffibrics. 

Th^above-mentioned solutions afe prepared as fol.«„i..— 

Ammoniacal Copper Oxide {Cuprammonium) Solution or 
Schweitzer's Reagent. —Dissolve 5 gms. of copper Sulphat# in 
100 C.C. of,water. Add caustic soda to precipitate the cupric 
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hydroxide, lilter, wash the precipitate several times with cold 
water and then dissolve it in the least possible quantity of 
ammonia. 

• Alkaline Copper-glycerine Solution. —Dissolve lo gms. of 
copper sulphate in lOO c.c. of water, add 5 gms. of glycerol 
and just sufficient caustic soda to dissolve the precipitate of 
copper oxide at first obtained. 

Basic Zinc Chloride Solution {Elsnet^s —Dissolve 

500 gms. of zinc chloride and 20 gms. of zinc oxide in 425 tic. 
of water and warm until a clear- solution is obtained. The 
liquid becomes turbid on standing in the cold, but clears again 
on heating. 


The Dyeing of Silk. 

Silk takes up dyes readily from a solution and resembles 
wool in behaving both as an acid and as a base; this is attri¬ 
buted, as in the case of wool, to the presence of groups char¬ 
acteristic of amino acids (see p. 93). 

Hygroscopic Character of Silk. 

Silk absorbs moisture very readily, and in selling Silk' by 
weight the methods adopted are similar to those use^ in the 
“conditioning” of wool (p. 94). Under normal conditions 
silk contains 10-12 per cent, of water. 

“ Boiled-off” silk is not so hygroscopic as “raw silk”. 

In weighing silk for quantitative experiments the came 
precautions should be adopted as in the case of wool (p. 94). 

THE WEIGHTING OF SILK. 

The practice of adding to the weight of silk, during the 
Eyeing and finishing processes, is now so general that the de¬ 
tection and determination of the character and amount of the 
" weighting ” in silk is a mutter of considerable practical im¬ 
portance. 

Dark coloured, especially black silks may be loaded with 
ir«n tannate (see p. 97) or Prussian blue*. These substances, 
besides increasing the weight of tht rcaterial, also act as raor- 
dants and help to fix the'colouring matter., 

Light colouredsiWis^cannot be weighted with the above- 
mefttionedjsubstances owing to the dark colours produced. 
Such silks^were formerly weighted with soluble .substances, 
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e.g. cane sugar, glucose, magnesium salts, gelatihe, etc., but 
at the present time these silks are usually A^eighted with 
insoluble compounds of ^in, and this method is now alsj/ 
frequently employed for dark coloured silks. 

One of the mbst common methods of weighting with tin is 
by treatment with'a solution of stannic chloride, followed by 
treatment with solutions of phosphates and silicates, whereby 
the tin is precipitated in the fabric as insoluble phosphate and 
sHicate of tin. 

The weighting of silk may be demonstrated on a small 
scale by the following experiments :— 

I. Weighting of Silk by the Ifin Silico-Phosphate 
Method. 

Prepare the following solutions:— 

(a) Dissolve 40 gms. pf stannic chloride (SnCl^. sHjO) or 
30 gms. of anhydrous stannic chloride in 70 c.c. of water. 

(b) Dissolve 13 gras, of sodium phosphate 

(NajHPO^. i2HjO) in 87 c.c. of water. 

(c) Dilute “ water-glass ” with water to a specific gravity of 
I'04. 

W^igh out a piece of white washing silk (about 2 gms.). 
Immerse the silk in solution (a) for one hour. 

Heat solutions (b) and (c) to a tethperature of 60° C. Re¬ 
move the silk from solution (a), rinse with water and immerse 
ift-selution (b) for 10 minutes and then in solution (c) for the 
same length of time. Rinse well with water and repeat the 
whole process, finally dry and weigh. (For precautions to be 
taken in weighing see p. 94.) 

II. Weighting of Silk by Iron Tannate. 

Prepare the following solutions:— 

(a) Dissolve 10 gms. ofcomniercial*tannic acid in 100 c.c. 
of water. 

{b) Dissolve 10 gms. of ferric nitrate in water; or if ferric 
nitrate is not available prepare a solution of ferric acetatejjy 
adding 15 gms. of sodium»acetate to a solution contaimng lOt 
gms. o^ ferric chloride irl*ioo c.c. of*water. 

Weigh out a piece of white ^^ashing silk (about 2 gms.). 

Heat the iron solution to 70-80° C.*and immerse the 5% in 
it for about 10 minutes. 
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Squeeze*out the silk, transfer 'to the tannic acid solution 
and heat to bhiling for a few minutes. 

^ Repeat the treatment in both solutions two or three times, 
finally rinse well with \^ater, dry and weigh. 

(For precautions to be taken in weighing^^see p. ■54.) 

In both experiments the silk will be Tound to have in¬ 
creased in weight. 

Detection of Weighting in Silk. 

The complete examination of a silk fabric, for all the sub' 
stances which may possibjy be present, involves several long 
and somewhat complex processes, but an examination carried 
out on the lines described below will show the nature of the 
principal weighting substances present and illustrate the 
methods most usually employed.* 

Preliminary Tests .—Pure silk contains less than I per cent, 
of ash and burns readily. Silk which has been weighted and 
which, therefore, contains a considerable quantity of mineral 
matter burns much less readily. 

Ignite a piece of silk and note the appearance of the ash 
obtained. If the silk burns slowly and gives an ash which 
retains the original structure of the fabric the silk has been 
weighted. 

Pure silk dissolves readily in hydrochloric acid.(see p, 96). 
Weighted silks dissolve much less readily. This difference is 
more marked with silks weighted with tin than with those, 
weighted with iron (except in the case of those weighted with 
Prussian blue, see p. loi). 

Treat a piece of the material with concentrated hydrochloric 
acid. If the silk is not weighted it will dissolve rapidly in the 
cold. . 

» If the above reactions indicate that the silk is weighted 
the nature of the‘weighting materials should then be investi¬ 
gated. * 

As already indicated (p. 98) the most usual methods 
of weighting silk are :— 

“(i) By iron, as ferrocyanide or tannat^(dark silks only). 

(2) “By tin, as tannate, phosphate 9» silicate. 

* For further details of the detection and determination of weighting tn silk 
,669 glen’s Commercial Organic Analysis,*' Vol. Vlll., and ^'Tochnical 
Methods of Chemical Analysis," Lunge (Keane). 
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Dissolve some of the silk in concentrated *hydrochlcric 
acid. f 

If a white gelatinous firecipitate obtained the presence 
of silicate is indicated. Filter off the precipitate (if any)’and 
examine portions of the solution as follows:— • 

Detection of fron. —Add potassium ferrocyanide to the 
sdlution; a precipitate of Prussian blue shows the presence of 
iron. • 

3K,Fe"(CN), + 4Fe"'Cli,-Fe,'"(Fe(CN),)3 + 12KCI 

Potassium ferrocyanide. Ferric ferrocyanide 

Prussian blue. 

If the iron was originally preseift in the silk entirely in the 
form of Prussian blue it cannot be detected by means of the 
above reaction, since Prussian blue is insoluble in hydrochloric 
acid. 

A special test for the presence of Prussian blue is given 
below. 

Detection of Tin. —Dilute the hydrochloric acid solution, 
pass sulphuretted hydrogen through it and warm. If tin is 
present a yellow precipitate of tin sulphide will be obtained. 

Detection of Phosphate. —Neutralise a small portion of the 
solution with ammonia, acidify with a few drops of nitric acid, 
add a considerable excess of ammonium molybdate solution 
and warm. A yellow precipitate rfiows the presence of a 
phosphate. 

JPetection of Tannin. —The tannin in silk is usually present 
in the form of insoluble lakes, i.e. compounds with iron or tin, 
and before’testing, the tannin must first be liberated b/the 
action of hydrochloric acid. 

A portion of the hydrochloric acid solution of the silk 
(after dilution) should be tested for tannin by adding excess 
of sodium acetate and a few drops of ferric chloride solution, 
A dark blue-black coloration shows the presence of tannin. 

Detection of Prussian Blue.-^i the^ilk is dark in colour, it 
sheuld be examined for the presence of Prussian blue. 

Prussian blue though not dissolved in hydrochloric acid is 
readily decomposed by alkalis, thus :— 

Fe;"(Fe(CN),)3+i2Na6H - 4fe"'(OH)3 + 3Na,Fl(CJ>t),. 

• • 

Treat the silk with dilute sodium hydroxide solution. Pouf 
off the alkaline solution, acidify with hydrochloric ecid and add 
a few drops ^f ferric chloride. Prussian blue, sif originally 
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present, will'bc reformed, since the alkaline solution (see equa¬ 
tion, p. lOl) contains the ferrocyanide extracted from the silk . 
\,see equation, p. loi). ^ 

The Determination of Weightin^^ in Silk. 

The quantity of weighting material in a silk may be deter¬ 
mined in several different ways. The methods used /depend, 
either on finding the amount of real silk (fibroin) present in 
the fabric, or on finding the amount of material other than silk 
present in the fabric. t 

The determinations, are usually made on air-dry silk (i.e. 
silk which is weighed wh’en dry at the room temperature).* 
Under these conditions the silk will contain 10-12 per cent, 
of moisture (see p. g8), and, for the purposes of calculation, 
it is usual to assume that air-dry silk contains 11 per cent, of 
moisture. ■ 

The loss in weight during the “ boiling-off” of silk is about 
20-25 pc cent, (see p. 95), and the addition of weighting 
materials to the extent of 2 5 per cent, to compensate for this 
loss is considered a legitimate practice in the trade. For this 
reason the amount of weighting is usually calculated on the 
raw sijk and not on the “ boiled-off” silk, and the weighting 
is expressed as "-percentage above 'pari' ” or "par". For ex¬ 
ample, if the weight of'100 gms. of raw silk is reduced to 
75 gms. by boiling-off, and is then increased to 135 gms. 
during the dyeing and finishing processes, the silk is described 
as being weighted 35 per cent, above “ pari 

\n the United States of America the weighting is expressed 
“ as ounces of weighting ” added to each pound of/are' silk. 
Thus weighting of 30/32 indicates that from 16 ozs. of raw 
silk 30-32 ozs. of weighted silk were produced. 

, Sixteen ozs. of raw silk are taken as equivalent to 12 ozs. 
of “ pure ” or “ boiled-off silk 

(For further details^and tible for conversion of percentage 
weighting to ounces per pound, see “ Textile Fibrds,” 
Matthews.) 

•cThe methods most commonly employed for the determina¬ 
tion of 4 he amount of weighting in i sijk are as follows :— 

(l) Determination of the amount of nitrogen in the npiterial 
fcy Kjeldahl’s process (see Vol. II.), after the removal of all 
ni^ro^nous jveighting materials, e.g. Prussian blue, ammonium 
salts, etc. 


* * See also images 94 and 127. 
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From the percentAge of nitrogen thus obtained the quantity 
of real silk (fibrion) tan be calculated. 

Pure boiled-off silk, containing 11 per cent, of moisture^ 
contains 17 6 per cent, of nitrogen, "fherefore every gram o*f 
nitrogen fStind in'the fabric represents 100 I 7'6 = 5 ' 6 § gms. 

of air-dry silk (fibroin). 

• (For further details of this method see “Textile Fibres,” 
Matthews; also Allen’s “Commercial Organic Analysis,” Vol. 

\rill.) 

(2) Determination of the weight of real silk present by 
femoving all the weighting materials by the action of hydro¬ 
fluoric acid. 

As already noted (p. 97), silk is not appreciably affected 
by the action of a 5 per cent solution of hydrofluoric acid, but 
the weighting materials may be dissolved out by the action of 
this acid, and the residual silk can then be washed, dried and 
weighed. 

The determination may be carried out in the following 
manner:— 

About 2 gms. of air-dry silk are immersed for i hour in 
100 c.c. of a 5 per cent, solution of hydrofluoric acid, in a 
platinum dish, at the room temperature. 

The silk should be stirred by means of a platinugr wire, 
and turned over at frequent intervals. The treatment is then 
repeated with 100 c.c. of fresh acid of the same concentra¬ 
tion, and the silk is finally washed several times with distilled 
Water dried and weighed (see p. 94). 

The loss in weight of the fabric gives the amount of we^ht- 
ing present. 

(For* method of calculating weighting added to raw silk 
see p. 104.) 

(3) Determination of the amount of mineral matter present 
by ashing. 

If all the organic matter in the silk is removed by incinera¬ 
tion, the weight of residue will represent the amount of mineral 
matter added to the silk, since the ash of pure silk is under 
I per cent. 

This method of determining the amount of weighting added 
to a silk is easy of e^ejution and gives good results, except in 
the else of silks*weighted with tannin or other organic matter 
(see p. 100). 

Tannin and other orgaijic weighting will b4 deconfposed, 
together wit^ the silk, during the process of ini^eration ; the 
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weight of the ash does not, therefore, in st^ch cases represent the 
total amount of weighting material addec to the silk, and one. 
,of the other methods previously described should be employed. 

' A determination of the amount of weighting materials in 
a silk not weighted with tannin or other organic matter can be 
carried out in the following manner :— *■ 

Weigh out about 2 gms. of air-dry silk, and cut it ifito 
small strips. 

Ignite each strip separately in a Bunsen flame and when*it 
ceases to burn transfer it to a weighed crucible. 

When all the silk has been so treated heat the crucible witk 
a good Bunsen flame until the ashis whiteor uniform in colour.* 
Cool in a desiccator and i^-eigh. Heat the crucible again for 
about fifteen minutes, cool and weigh. If the weight is not 
constant, the heating must be continued until a constant weight 
is obtained. 

The weight of ash gives the weight of added mineral 
matter. 

Method of calculating the '■'■percentage of weighting above 
'pari ’ ” or above "par”. —If the amount of weighting in a silk 
has been determined by one of the above methods, the percent¬ 
age of weighting above “ pari ” can be calculated as shown in 
the following examples ;— 

The weighting is usually stated with reference to raw silk 
containing 11 per cent, of moisture, and if the origin of silk is 
unknown, it is assumed that the loss on “ boiling-off” is from 
20-25 per cent. It may for the purposes of calculation* be ^ 
taken as 22 per cent, (see p. 102). 

Example L 

I '820 gms. air-dried silk (containing 1 1 per cent, moisture) 
gave 0'942 gm. real silk fibroin (air-dry). 

By difference the weighting ■= 1-820 - 0-942 gm. 

= 0-878 gm. 

‘ Taking the lose due to boiling-off as 22 per cent, 78 parts 
of fibroin correspond to' too parts of raw silk. 

Since the weighting added to 0-942 

gm. of fibroin = 0-878 gm., 

^e weighting added to 78 gms. of < 

fibroin ‘ , 0 878 x 78 

t = —'■ - — gms. 

• 0-942 «* 

= 72-7 gms. 

If the silk's weighted with iron the^ ash will be reddish-brown in colow ^ 
.qwingjo the ^estnee of Fe^Oj. 
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The silk as sold is dbmposed ot 78 parts of fibitoin + 72'f 
parts of weighting = p 507 parts of weighted silk? 

Or since 78 parts of fibroin correspond to 100 parts of raw/ 
silk, 1 507 parts of weightecf silk have b 5 en produced from lOO* 
parts of raw silk, knd the silk is therefore weighted 507 per 
cent, above par. * 

•Example II. 

2"00 gras, of air-dried silk (weighted only with inorganic 
substances, see p. 104) gave 0725 gm. of ash. 

By difference weight of fibroin = 2‘00 - 0725 = r275. 
Tiierefore, weighting added to 1-275 gms. fibroin = 0-725. 
The method of calculation is then the same as in the previous 
example and the silk is found to b? weighted 22-4 per cent, 
above “ pari". 

Determination of Silicate and Tin in the Ash of Silk. 

If a previous examin^tion of the silk has shown that it 
contains tin and silicate, the quantities of these substances pre¬ 
sent in the ash can be determined in the following manner ; 

Add to the ash, obtained as described above, about six 
times its own weight of fusion mixture and a little powdered 
potassium nitrate and mix thoroughly. Heat the mixture in 
a crucible until the mass is well fused. Cool and when cold 
place the crucible on its side in a porcelain dish. Pour some 
distilled water into the dish and cover with a clock glass. 
Warm the dish and keep the water just boiling until the melt 
Jias eompletely softened (i.e. until all the lumps have broken 
up) and detached itself from the crucible. 

Remove the crucible from the dish and carefully wash off the 
adhering solution and any small particles of solid into the dish. 
Warm the contents of the dish, filter, wash the residue several 
times with hot water and collect the filtrate and washings. By 
the process of fusion with alkaline carbonates and subsequenfc 
extraction with water the tin and silicatf are Obtained in solu¬ 
tion in the form of sodium and potSssium stannate (KjO. SnOj) 
an(f sodium and potassium silicate respectively. Iron, ifpre- 
“ sent, will be in the residue and, if desired, the quantity present 
can be determined By dissolving the residue in hydrochloiic 
acid and finding the amoynt of iron either by a gravime?tj-ic or 
by a volumetric method. 

Determination of Silicate as SiO ^—Acidify the solution with 
hydrochloric acid, evaporate to (Jryness and proceed As described 
on p. 40; •being careful to collect all the filtrate and washings. 
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^ Deterntination of Tin as Dioxide* —Saturate the 

iltrate, obtained after the removal of the silica, with hydrogen 
sulphide gas. Cover the vessel v'ith a clock glass and allow 
t -to stand in a warm place until the smell of hydrogen sulphide 
bas almost disappeared. Filter, wash the fsrecipifate and dry 
in a steam oven. 

Detach the precipitate as completely as possible from the 
filter paper and transfer it to a weighed crucible. ‘Sum the 
filter paper separately, and when ashed add it to the conte^hts 
of the crucible. 

Heat the crucible gently for some time with the lid on, 
then remove the lid anc^ continue heating until the smell of 
sulphur dioxide is no longer perceptible. 

Finally, heat the crucible to a bright red heat until a con¬ 
stant weight is obtained. In this way the tin sulphide is 
completely converted into tin oxide and is weighed as such. 

The percentage of tin oxide in the ash or in the fabric can 
then be calculated. 


Cotton. 

Cotton fibres are the seed hairs of the cotton plant {Gossy- 
piuni^ which grows as a shrub in warm climates. 

The seed hairs are enclosed with the seeds in a pod or 
“ boll”. On ripening, the boll bursts open showing a mass of 
white downy fibres with the cotton seeds embedded in them. 
The seeds are separated from the fibres by a process kpown 
as ”ginning”. 

*■' The seeds are of special value on account of the oil which 
they contain (cotton-seed oil) which is used in the manufacture 
of soap and margarine (see p. 55 and Vol. II.). The husks 
of the seeds are also utilised in the production of cattle 
fodd'er and manures. 

Raw cotton fibres are covered with a waxy coating which 
is removed from the* fibresf after they have been spun into 
threads, by boiling with a dilute solution of caustic soda uhder 
slightly increased pressure. 

^The wax is not soluble in the alkaline solution, but is 
separ^ed from the fibres by a protest of emulsification. 

Cotton fibres are comparable in 'dianietpr with siljjj or fine 

,* The tin^s precipitated from solution as sulphide (SnSd and is converted 
idto oxide by heating until all the sulphur has been expelled as SO, 

SnS, + 3O, SnO, + aSO,. 
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wool fibres, but are colsideralJly shorter than silk, wool or flax 
fibres. * 


MICROSCOPICAL APPEAE3VNCE. 

The cotton fibr^consists of a single cell; during growth 
thejnner tube or lumen is filled with a liquid and the fibre is 
cylindrical in shape. As the fibre ripens the cell contents 
gra^lually dry and the fibre flattens irregularly, presenting the 
appearance of a twisted ribbon with thickened edges (see 
Pjpte II, Fig. 8). 

CHEMICAL REACTIONS CF COTTON. 

About 91 per cent, of the cotton fibre consists of cellulose 
(empirical formula the other constituents being 

water, about 8 per cent., ^cotton wax 0'3-0’5 per cent, (see 
p. 106), and small amounts of mineral matter and natural 
colouring matter. 

If raw cotton is treated successively with dilute caustic 
soda, dilute acid, water, alcohol, and ether, chemically pure 
cellulose is obtained, and the chemical reactions of cotton may 
therefore be regarded as illustrating also the behaviour of pure 
cellulose, under similar conditions. • 

Cellulose belongs to the class of organic substances known 
as carbohydrates, and is therefore closely allied to starch and 
to the sugars. 

• Its exact molecular structure has not yet been determined, 
but its reactbns show that it contains both hydroxyl ( - QiJ) 
and carbonyl (= CO) groups, and its formula should be ex¬ 
pressed aS (CgHijOj),, where n is some whole number of which 
the value is at present unknown. 

The Action of Acids on Cotton. 

Cotton is not dissolved by cbld, dilute solutions of acids, 
but if cotton which has been treated with dilute acids is dried 
without any intermediate process of washing to remove the 
acid, the cotton be&mes “ tendered,” i.e. is converted inte* a 
friable substance which ijeadily falls to pieces. 

Thi» is due to»the concentration of the acid on the fabric 
on drying, and the formation of>a hytJrated cellulose probably 
of the form aCjHj^Oj. HjO. . 

This behaviour of cellulose with dilute acidsMS made use 
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of in the Reparation of cotton from rwxed fabrics of cotton 
and wool (sfce p. 128), and also in the ‘icarbonising ” process 
for removing vegetable matter (chiefly cellulose) from raw 
wool (see p. 89). 

Jt is also important to remember thav if a Cotton fabric 
has, during any process of dyeing, bleaching, etc., been treated 
with solutions containing free acid, the acid must be Cbm- 
pletely removed from the fabric before drying, either by 
thorough washing, or by neutralising with dilute alkali; other¬ 
wise the fabric will be tendered and possibly destroyed. 

The following experiment may be made to show the actiwn 
of dilute acid on cotton :— 

Immerse two pieces of cotton fabric in dilute hydrochloric 
acid (l part of concentrated acid to 8 of water), and allow 
them to stand at the room temperature for about ten minutes. 
Remove them from the solution ; dry one piece without wash¬ 
ing (preferably in front of a fire o’r stove). Wash the other 
piece thoroughly with water and then dry. 

The cotton which was washed before drying will be very 
little affected by the action of the acid, whereas the other 
piece will darken considerably on drying, and will readily fall 
to pieces on rubbing. 

Action of Sulphuric Concentrated sulphuric acid 

dissolves cotton in the cold, and on diluting with water a 
white amorphous substance, amyloid (CijHjjOjj), separates 
out, which, like starch, gives a Blue colour with iodine.^ 

Amyloid is used in the production of “vegetable” parchr 
ment; its formation and. reaction with iodine may be shown 
iiT the following manner :— 

Dip a piece of filter paper, which should be. free from 
starch dressing, into strong sulphuric acid for a few seconds. 
Place in a porcelain dish and wash well with water. Drain 
off the water, moisten the paper with a few drops of iodine 
solution and waSh again. The paper is stained blue. Care¬ 
fully dry the paper and observe its parchment-like texture 
and appearance. The cellulose of which the paper is com¬ 
posed has been coated with a layer of amyloid. 

"-On boiling with dilute sulphuric acidj cotton is converted 
i-into dextrin and glucose. 

Dissolve a piece of cotton in a mixture or equal ^rts of 
strong sulphuric acid a,nd water. Dilute the solution ^ and 
bpih for softe little time, until, a clear solution is dbtained, 
Test portioes of the solution for glucose and dextrin. 
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Test for ( 7 /«foj«.-INeutrilise the solution with sodium' 
C{irbonate,.add Fehlinf’s solution and boil (see 'Vol. II.). 

Test for Dextrin. —Add to the solution two or three times 
itspwn volume of alcohol; dextrin, if pJesent, will be throwji * 
down as a white precipitate (see Vol. II.). 

Action of Hydrothloric Acid. —This in dilute solutions is 
simHar to that of sulphuric acid; but concentrated hydro¬ 
chloric acid does not dissolve cotton in the cold (see p. 108). 

^Action of Nitric Acid. —When boiled with moderately 
strong nitric acid (sp. gr. i -i-i -2), cotton is converted into 
oxycellulose, a structureless, friable substance, which is also 
obtained by the action of other oxidising agents on cellulose. 
(Compare action of chlorine on cottoi?, p. 112.) 

Concentrated nitric acid (sp. gr. = i ’42) reacts with the 
hydroxyl groups of the cellulose molecule with the formation 
of nitric esters, or so-called nitrocelluloses.* 

The reaction with nitric* acid is more complete in the pres¬ 
ence of sulphuric acid, which acts as a dehydrating agent. 
The “ degree of nitration,” i.e. the number of nitro groups 
taken up by the cellulose molecule, depends on the concentra¬ 
tion of the acid, the temperature, and the duration of the pro¬ 
cess. The formation of cellulose dinitrate may be shown by 
the following equation:— 

tQ,H,805(0H), 2HN03-»C,,H,30,(0N0,), 211.,u 

CelluIo.se. Cellulose dinitrate. 

The following are some of the more important compounds 
which* may be obtained by the action of nitric acid on cellulose; 
they are sometimes classified under the general name af 

pyroxylins :— 

* 

Cellulose hexanitrate or hexanitrocellulose (gun cotton) 

Ci,Hj,0,(0N0,), 

„ pentanitrate or pentanitrocellulose Cj5Hi50j(ONOj),, 

„ tetranitrate „ tetranitrocellulose 0ijHj,0,(0N02)j 

„ trinitrate „ trinitrocSllulose CijHjj07(0N0j)5 

,* dinitrate „ dinitrocellulose Cj2Hjg0g(0N02)2 

The “nitrocelluloses” are all very inflammable; the in¬ 
flammability increases with the number of nitro groups 

* It glftuld be noted^hat the action of nitric acid on cellulose is comparable 
with that of the action of this acid on glycerol. Nitrates are produced and not 
true nitro'compounds. * • , 

t In writing the formulae of cellulov nitrates it is usual to 
or tb* molftrular formula of Cellulose (seC p. I07), 
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present, and hexanitrocellulose or gun|cott6n is used largely 
in the manufacture of explosives (prop4|lants). 

Hexanitrocellulose is insoluble in a mixture of alcohol 
and ether, and in this respect differs from the other nitrocellu- 
loses which dissolve in a mixture of alcol^ol andr: ether, form¬ 
ing a solution known as collodion. ' 

Celluloid is obtained by dissolving nitrocelluloses in molten 
camphor, the mixture obtained being highly inflamniable. 

The formation of nitrocelluloses from cotton and somf3 of 
their more important reactions may be shown by means of the 
following experiments :— 

Immerse a piece of absorbent cotton (i.e. “ cotton wool ”) 
for about one minute iiV'a well-cooled mixture of i part of 
concentrated nitric acid with 2 parts of concentrated sulphuric 
acid. Wash the cotton well and allow it to dry on a filter 
paper at the room temperature (well away from any flame). 

Take a small piece of nitrated cotton and place it on an 
iron tray together with a piece of untreated cotton. 

Ignite both pieces and observe that the nitrated cotton is 
more inflammable than the untreated cotton. 

Treat the remainder of the nitrated cotton with a mixture 
of alcohol and ether, shake gently for a few minutes. 

■fhe nitrated cellulose will dissolve, and a residue Of un¬ 
changed cotton will be left undissolved. Pour off a few drops 
of the solution on to a glass plate and allow the plate to stand 
at the room temperature until the solvent has' evaporated. 
(The whole operation should be carried out well away„from 
any flame) 

The nitrocellulose will be deposited on the plate as a 
coherent transparent film. This film (collodion) is impermeable 
to air and water and is utilised in surgery and in photo¬ 
graphy. 

Collodion is also used in the preparation of artificial silk 
*by the Chardonnet process (see p. 116). 

Action of Hydrofliioric Add .—When cotton is treated with 
hydrofluoric acid a tough transparent waterproof material is 
obtained. 

...This substance is used in the manufrcture of carbon fila- 
mentSgfor electric lamps and also as an insulating material 

Organic Acids have very little ac'tion oq cotton, bjj)t tannic 
acid is readily absorbed by ij, advantage being taken of this 
in the dyeing and morcfenting of cotton. (Compare action of 
tannic acid^n silk, p. 97.) ‘ 
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Aceiic Anhjidride.i-iiy tile action of acetic anhyr^ride and 
sulphuric acid a nureper of different acetates of cellulose ca'h 
te produced ; the number of acetyl groups introduced into the 
molecule depends on the conciitions of tile experiment (Cojn-^ 
pare nitration of c<|llulose, p. 109.) 

The formation bf the tetracetate may be shown by the 
following equation:— 


,OCCH, 

/Oh- o( 

rCHOn^Sn 4 . \0CCH3 

H + -OCCH, 

\Oh 0< 

\OCCH, 


C,H,0(00CCH3), + 2H,0 


Acetic anhydride. ^ Cellulose tetracetate. 


Commercially, cellulose acetate is used for a number of 
different purposes; when mixed with camphor it yields a 
material which resembles and is, in many respects, superior to 
celluloid and which is not inflammable. 

This substance, known as “ cellon" is used as a substitute 
for guttapercha, vulcanite, etc., and also in the manufacture of 
kinematograph films. 

Cellulose acetate is soluble in certain organic solvents, e.g. 
acetone and chloroform, and is employed in the form of a thick 
viscous solution as a flexible varnish for wood, paper and ihetal, 
and is used extensively for coating the wings of aircraft. 

A form of artificial silk cellestion” silk) can be prepared 
from cellulose acetate, which on account of its high insulating 
■properties is used for coating electric wires. 


The Action of Alkalis on Cotton. 

Dilute solutions of alkali under ordinary conditions have 
very little action on cotton (see p. 88, V.); but prolonged boiling 
with alkalis in the presence of air causes hydrolysis of the 
cellulose, the action being similar to that of acids (see p. 108)! 
In the absence of air the action is much’less marked. 

•Concentrated solutions of caustic alkali (30 per cent.) have 
a curious effect on cotton ; the fibres contract in length, but 
swell up and become cylindrical in shape, and their tensile 
strength and affinity for colouring matters are increased. 

Th^ alkali reacts chemically with the cellulose forming 
alkali-cellulose, a compound in which the molecular ratio of 
alkali to cellulose may be expressed dS C^Hj^Ojo ;NaOH, 

This action of alkali on ctllulose forms the 6asis of the 
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S rocess knbwn as “ mercerising/' so calM after John Mercer, 
ho in 1844 first suggested that the E^tion of concentrated 
alkali on cotton might be utilise^ to produce a fabric which^ 
''could be more readily^ dyed than ordinary cotton. 

Jbe more modern developments of this proiSss are dealt 
with under “ Mercerised Cotton” (p. 114). 

If cotton is treated with a concentrated solution of sodhim 
hydroxide, to which a little carbon disulphide has been added, 
the fibres swell up, disintegrate and form a gelatinous ti&ss, 
called “ Viscose" which is soluble in a large volume of water, 
forming a viscous solution. * 

The formation of " viscose " is the first step in the produc¬ 
tion of a form of lustra-cillulose, or “ artificial silk,” known as 
viscose-silk, and the nature and reactions of this substance are 
dealt with more fully under “ Artificial Silks ” (see p. 11 5 ). 

Experiment V., p. 88, illustrates the behaviour of cotton 
with dilute alkali, and the following experiment may be made 
to show the action of more concentrated solutions of alkali:—■ 
Immerse a piece of cotton in a 30 per cent, solution of 
sodium hydroxide for about twenty minutes. 

Remove the cotton, wash well, first with water thetfwith 
a little dilute acetic acid, and dry. 

Examine some of the fibres under the microscope, and 
observe that they are more cylindrical than untreated cotton 
fibres and that the twistings are less marked. 

The Action of Other Reagents on Cotton. 

Ammontacal Copper Oxide {Cuprammoniuni) Solution .—For 
method of preparation see p. 97. , 

Cotton dissolves slowly in cuprammonium solution ; the 
process of solution being much more rapid if the cotton is 
previously treated with alkali. 

Treat a piec^of cotton wool with 30 per cent solution of 
sodium hydroxide unfil the fibres begin to swell (see p. ill).' 
Remove the cotton wool from the solution, wash well, first 
with water, then with a solution of ammonia, treat with am- 
i40Biacal copper oxide solution and boU. The cotton 'wool 
• will rapidly dissolve. 

A solution of cotton iti ammoniacal copper oxide^lutw/ 
is used in the manufacture o{ certain varieties of artificial 9315,: 
/se&p. ii 7 )» ^ ^ . -i. 

Action o^Chlorine on Cotton .—Dilute solutions of 
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or hypochlorites have very little action on cotton at ordin- 
{iry temperatures, bul^ with more concentrated solutions at a 
higher temperature the fabrjc will be tendered, or completely^ 
disintegrated, owing to the formation of oxycelluiose (See 
p. 109). OJcycelUlose, unlike cellulose, will reduce FehKng’s 
solution, and the formation of oxycelluiose by the over-bleach¬ 
ing of cotton with chlorine may be demonstrated by the fol¬ 
lowing experiment. 

•Treat a piece of cotton with chlorine water, or with a 
strong solution of bleaching powder acidified with acetic acid, 
aftd dry the material without washing out the bleaching agent. 
When dry, wash the cotton, first with water and then with a 
dilute solution of sodium carbonate, cover with Fehling’s 
solution, and boil for some little time. In the presence of 
oxycelluiose some of the Fehling’s solution will be reduced, 
and cuprous oxide will be deposited on the fabric as a red 
brown stain. * 


The Dyeing of Cotton. 

Cotton shows little affinity for colouring matters and dyes 
(see p. 88, IV.). 

Very few natural colours are absorbed by cotton without 
a mordant, and this is also true of most of the acid and basic 
dyes obtained from coal-tar products, and sometimes referred 
to as “coal-tar dyes”. 

Qertain dyes, however, more especially those derived from 
benzidine (NHj. . NHj), of which Congo-red is 

a typical extimple, will dye cotton “ direct,” i.e. withouf'a 
mordant, and these are known as “ substantive dyes ”. 

Hygroscopic Character of Cotton. 

Cotton is less hygroscopic in character than either wool or 
silk. Under normal conditions it will tontain from 5-8 per 
cent of water. 

In the spinning and weaving of cotton much depends on 
carefully adjusting wthe amount of moisture retained inathe 
fibres during the progjess of these operations; this ean be 
effected^by artificially reflating thfe atmospheric conditions 
in the spinning and weaving shetjs. 
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FABRICS MADE FROM COTTON. 


Cotton, in additiorj to being u»ed for ordinary woven cotton 
laBrics and mixed fabrics of cotton with other textile fibres, 
also "forms the basis of several other textilf ^materials. 

Of these, the following are the most important:— 

“ Mercerised cotton.” 

“Artificial silks ” or Lustra-celluloses. 

“ Flannelette.” 


Mercerised Cotton. 

Cotton which has be&n treated with strong caustic soda 
solution is sometimes described as “ mercerised " (see p. 112). 

The term “ mercerising ” is, however, more correctly used 
as descriptive of the process whereby cotton is rendered lus¬ 
trous, by subjecting it to the combhied effects of the chemical 
action of caustic soda and the mechanical action of tension. 

John Mercer, the originator of the process (see p. 1 12), 
aimed only at producing a fabric which could be more readily 
dyed than ordinary cotton, and the production of a lustrous 
fabric by a modification of the same process is a developnient 
of more recent date. 

When cotton is treated in a strong solution of caustic soda, 
a contraction of the fibres takes place (see p. 111), but if the 
fibres are kept in a state of tension during such treatment, 
this contraction is prevented, and the fibres become lustrous 
in appearance. The modern process of “ mercerising,” there¬ 
fore, depends on treating cotton (either yarn or woven fabric), 
stretched on rojlers to keep it in a state of tension, with a 
strong solution of caustic soda (about 30 per cent). 

The action of the alkali is very rapid, and in a few minutes 
«the “ mercerisation ” is complete. The cotton is washed 
thoroughly to rfemove the alkali, and during this process the 
alkali-cellulose first formed*(see p. iil) is converted into hy¬ 
drated cellulose (2C,Hi|,Oj. HjO). The cotton is then 
and finished in the usual manner. 

•••■Mercerising may be carried out in tw6 ways;— 

(1*) The material may be held iij a state of tension during 
ihe treatment with caustic alkali and the subsequent^ashing 
process. 

; I ’(6) Thg tension may be applied after the material :ha8;j 
bj^ with alkali, but before the alkali has been washed'^! 
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out The essential condition is that the tension should 'je 
^applied whilst the njaterial is in the form of alkali-cellulose, 
and before it is converted tp hydrated (ellulose, otherwise ricy 
lustre effect is produced. 

Properti'ts of Mercerised Cotton .—With the exception of its 
increased lustre an 3 power of absorbing dyes and colouring 
matters, mercerised cotton exhibits properties similar to those 
of ordinifty cotton, and will give the typical reactions of cotton 
as described on page 107. 

Microscopically, mercerised cotton shows in a more marked 
degree the features observed in the case of cotton treated with 
strong alkali (see p. 112). 

The tension applied in the mercerising process assists in 
the removal of the twists and irregularities ot the cotton fibre, 
and mercerised cotton appears as a rather smooth cylindrical 
fibre (see Plate II, Fig. 9). 

Mercerisation is /arely so complete that fibres lose all in¬ 
dication of twists, but the freedom of the fibre from such twists 
and irregularities is a measure of the extent to which the pro¬ 
cess has been satisfactorily carried out. 

The microscope is therefore a valuable aid in determining 
the best conditions for the process of mercerisation. 

Some fibres of mercerised cotton should be examined tinder 
the microscope and compared with those of ordinary cotton. 

“Lustra-Cellulose” or “Artificial Silks”. 

Silk is the most costly of the textile fibres, and owing ^o 
the great demand for silk fabrics of all descriptions numerous 
attempts lave been made to produce an imitation or “artificial 
silk ". 

The processes, which have so far proved successful on a 
commercial scale, all have cellulose as their basis. 

In addition to cotton other forms o^ cellulose, e.g. ramie 
fibre (see p. 125) and wood pulp are used for the production of 
lustta-celluloses. 

The “ mercerising ” of cotton, as described above, shows 
that the structure (Jf the cotton fibre can be considerably 
modified by action of aertain chemical reagents, and Jn the 
producti«n of “artificial silks” this idea has been further 
developed, and the cellulose is obtaioed in the form of fine 
structureless threads similar in Qutward appearanceVo those of 
silk, but of entirely different chemical composition^see p. 87). 
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y The term “ lustra-cellulose’* has been adopted as de¬ 
scriptive of these fibres, in preference tq the term “artificial, 
pilk," since this latter yerm would ^seem to imply that a fibre 
of themical composition similar to that of silk had been pro¬ 
duced by artificial means. I ' 

Silk-like fibres have also been produced from nitrogenous 
organic substances, e.g. gelatine and casein; such fibres ‘re¬ 
semble silk more closely in chemical composition thdn do the 
lustra-celluloses, but they have not so far been produced oft a 
commercial scale and need not be dealt with here. 

A study of the reactions of cellulose, described in the fore¬ 
going pages, shows that this substance may be brought into 
solution in a number of deferent ways. 

If a solution of cellulose, prepared by one of these methods, 
is forced through minute holes in such a manner that the 
cellulose is reprecipitated from the fine streams of solution as 
they emerge, the substance will be obtained in the form of fine 
structureless threads. This in general outline is the principle 
on which most of the commercial processes for the production 
of lustra-celluloses depend. 

The various processes differ chiefly in the methods employed 
for bringing the cellulose into solution and the reagents used for 
repreSpitating it in the form of threads. 

The principal varieties of lustra-cellulose may be classified 
according to their method of production in the following 
manner:— 

• Chardonnet, Pyroxylin or Collodion Silk .—The celhilos^ 
i^first converted into nitro-celluloses or pyroxyliijs (see p. 109) 
and then dissolved in a mixture of alcohol and ether. The 
solution (“collodion,” see p. no) is forced under pressure 
through minute holes (about O'OI mm. diameter) into a warm 
chamber, 50 that the solvent rapidly evaporates, leaving a fine 
thread of nitro-cellulose. 

This thread is highly inflammable (see p. 109) and un¬ 
suitable for use in textile fabrics, but by treatment with am¬ 
monium sulphide the nitro-cellulose is “ denitrated ” and a iibre 
of “ regenerated ” cellulose is obtained. 

‘rhe chief disadvantage of this proedss on a commercial 
scale ft the cost of the solyent (alcohal tind ether), but if certain 
precautions are taken a large proportion of this is recoverable 
and^can bemused again. . 

.* Chardon^t process so called aftn its inventor Count Hil^jre ie Chai- 
dAanet.’ t 
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LUSTRA-CEI^LULOSE 

The preparation of nitro-delluLse and collodionTias already 
been discussed (see p. log), and the experiments previouffly 
described also serve* to illustrate the production of lustra- 
cellulose by the Chardonnet process. * 

Cuprammoniu^ Silk, Pauly's Silk, “ Glanzstoff". —A.solu- 
tion of cellulose ifl ammoniacal copper oxide solution (see 
p. 97) is forced through fine jets and the cellulose reprecipitated 
by the action of acetic acid. 

• Dissolve a piece of cotton in ammoniacal copper oxide 
solution as described on page 112. Pour a little ofithe solution 
into some acetic acid and observe that the cellulose is repre¬ 
cipitated. 

Viscose-Silk .—Cellulose is first rfeated with a concentrated 
solution of sodium hydroxide, and carbon bisulphide is then 
added to the alkali-cellulose (see p. iii) thus obtained. A 
chemical reaction takes place with the formation of a soluble 
thiocarbonate derivative clilled “viscose”. 

This compound appears to be formed by the interaction of 
one molecule of cellulose with two molecules of caustic soda 
and one molecule of carbon bisulphide, and the reaction may 
be represented by the following equation:— 

NaOH + Cf,H, 0 ,. OIHT^HOI lNrrsl= C = S ^ 

Cellulose. Carbon bisulphide. 

Na 0 H.C,H, 0 ,. 0 C^ 

Viscose, \SNa 

• 

The “ viscose ’’ is dissolved in water and forced through 
fine openings into a saturated solution of ammonium sulphite, 
thus fornjjng threads of “regenerated” cellulose. 

Cover a piece of absorbent cotton with a 15 per cent, 
solution of caustic soda and allow it to stand for about an hour. 

Remove the alkali cellulose and squeeze out the excess <4 
alkali. (The cotton should retain about three times its own 
weight of solution.) 

•As some time is required in order to complete the con¬ 
version into alkali-cellulose, the moist mass should, if possible, 
be set aside at this stage for two or three days in a stoppered 
vessel. This, howeverjs ilot absolutely essential to the^uccess* 
of the ^perimenU * 

Cover the alkali-cellulose v(ith carbon bisulphide, shake 
vigorously in a stoppered bottle and set it aside u^til the mix¬ 
ture becomes quite yellow (2-j hours). 
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Pour of! any excess of carbon Bisulphide, cover the yellowish 

mVss (viscose) with water and again allovj it to stand for some„ 
hours. Finally, add more wat^r and mix thoroughly by 
Shaking until a brown viscous solution is obtained. 

Ppur a few drops of the “ viscose ” solutv^n intcf a saturated 
solution of ammonium sulphate and observe that the cellulose 
is reprecipitated. 

Properties of Lustra-cellulose. —Lustra-celluloses are harsher 
to the touch and lack the elasticity of true silk. They are 
quite as lustrous in appearance; in fact, in some cases they ew 
on the side of over-brilliance, producing a hard and scintillating 
effect unlike that of ordinary or wild silks. 

The chief drawback to the use of lustra-celluloses for 
textile fabrics is their behaviour with water; when treated 
with water the fibres swell and their tensile strength decreases. 

For this reason fabrics made of iustra-celluloses need care¬ 
ful handling in the laundry and also during the process of 
dyeing. 

Under the microscope lustra-celluloses appear as roundea 
structureless fibres somewhat similar to those of silk, but 
thicker and more regular in outline. (See Plate II, Fig. 10.) 

Fibres of silk and lustra-cellulose should be mounted on 
the same slide, as in this manner the differences can be more 
readily detect^. (See Plate II, Fig. 11.) 

The appearance of lustra-cellulose under polarised light 
also differs from that of silk ; this difference may be rendered, 
more apparent by mounting the fibres in a drop of aniline. , 

*^If the Nicol’s prism* is slowly rotated it will be observed 
that there is one position in which silk fibres become almost 
invisible, namely, when the longitudinal axis of the fibre-is at 
right angles to the plane of polarisation * and that maximum 
■visibility is obtained when the Nicol is at right angles to this 
position. 

With fibres of lusfra-celKilose, on the other hand, colour 
changes are observed on rotating the Nicol, but the fibres hre 
distinctly visible in all positions. 

* Reactions of Lustra-celluloses, it should 

be remembered, are of vegetable oHgin ^nd are cv^inpos^ 
almost entirely of cellulose their chemical composition is, 

' •Forthenleaning of the terms " Nicol’s prism” and “ Plane of FblatiH^ 
" Polarisation of Light,” Vol. II. 
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therefore, quite different frotn that of real silk, trhich is of 
animal origin and contains amino groups. ' 

The reactions previously described for differentiating 
animal and vegetable fibres may, therefore, be used to 4i^ 
tingilish between^real and artificial silks. (See pp. 8^-89, 
“Reactions of Aniftal and Vegetable Fibres”.) 

• The burning tests (I. and II.) and also the Xanthoproteic 
reaction*(III.) are of especial importance. Lustra-celluloses 
s«*5ll and become gelatinous on treatment with alkali, but do 
not dissolve (see V.). The difference in behaviour with colour¬ 
ing matters (IV.) is not so marked, since lustra-celluloses, 
like mercerised cotton, absorb dyes more readily than ordinary 
cotton. 

Ammoniacal copper oxide solution (see p. 97) dissolves 
both silk (fibroin) and lustra-celluloses, but in the latter case 
a white precipitate of cellulose is obtained on diluting the 
solution with water. • 

An alkaline solution of copper oxide containing glycerine 
will, however, dissolve silk, but has no action on lustra-cellu¬ 
loses. This reagent may be used for the quantitative separa¬ 
tion of silk and lustra-cellulose (see p. 133). 

Compare the action of ammoniacal copper oxide solution 
on specimens of silk and lustra-cellulose. Dilute the solutions 
obtained with water. In the case of lustra-cellulose the cellu¬ 
lose separates out as a white precipitate. 

Immerse threads of silk and lustra-cellulose in alkaline 
copper glycerine solution (see p. 98) and observe that, after 
standing for some time at the room temperature, the silk 
dissolves and the lustra-cellulose remains unchanged. 

Various methods have been suggested for distinguishing 
the different varieties of lustra-cellulose from one another; 
these mostly depend on colour reactions and are in some ca^ 
only applicable to unbleached fibres. 

Collodion “ silks ” usually cdhtain tfaces of nitrocelluloses, 
tlJough the amount of nitrogen present is extremely small, 
about 0'2 per cent. 

The other lustra-celluloses do not contain any nitrogen,and 
“ collodion silk " may,be*distinguished from the other.forms ci 
lustra^ellulose hy treating with dbncentrated sulphuric acid 
.to which a trace of diphenylamjne has been added. 

Collodion silks give a bright 6lue colour a.nd the .other 
lustra-celluloses only a slight* yellow colour, 
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“ Flannelette.” 

Flannelette is a fatjric produced by weaving cotton in such 
a manner that a material somewhat similar in texture and 
outward appearance to a woollen fabric is^Abtainfed. 

Cotton woven in the ordinary manner gives a fabric with 
a smooth surface, and if suitably “ dressed ” it readily takei a 
polish on ironing; whereas in the case of flannelette the fabric 
is so treated that minute threads of cotton project from ftie 
surface of the material. This gives it a rough appearance, and 
at the same time ensures the formation of a non-conductinf 
layer of air between the material and the surface with which it 
is in contact. In this mahner the non-conducting properties 
of a woollen fabric are to some extent reproduced. 

Flannelette is, in fact, a cotton fabric which has been sub¬ 
jected to a special mechanical process, and the fibres of which it 
is composed will show all the chemid’al and microscopical pro¬ 
perties of ordinary cotton. 

Some fibres from a piece of flannelette should be examined 
under the microscope and identified as cotton fibres. (See 
Plate I, Fig. 4.) 

Owing to the nature of its surface, flannelette is more 
inflammable than ordinary cotton, and this has proved a 
serious drawback to its use as a textile material. 

It was observed (sbe p. 100) that “weighted” silks 
burn less readily than untreated silks, and in the same way if 
flannelette or other cotton fabric is loaded with mineral matter 
the material is rendered less inflammable. , 

Numerous processes have been devised for “ fire-proofing ’’ 
flannelette by loading it with various mineral substanees. The 
substances which may be used for this purpose vary greatly 
in character, and among those most frequently employed are 
the following: ammonium salts (phosphate, sulphate, car¬ 
bonate); magnesifim chloride and sulphate; aluminium salts 
(alum, aluminium sulphate); silicates ; borates; sodium tunj;- 
state and sodium stannate. 

The nature of the fire-proofing materials added to flannel¬ 
ette-is usually determined by makinjg a cdmplete analysis of 
^he ash,*i.e. the residue obtained after the removal of all the 
organic matter by burning, and is a rather Complex process. 
Some idea of the nature ,of the substances can, however, be 
obtained by Shaking the followir^g experiments :— 
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Burn a small piece of fl&nnelette in a Bunseil flame; jf 
the cotton burns away, leaving an ash which retains the 
original structure of tMe fabric, the material has been “ dressed ” 
with mineral matter, probably for the ptirpose of fire-proofipg' 
(see p. I 00 ).» 

If the above tesY indicates that the material has been “ fire¬ 
proofed ” some of the flannelette should be cut into strips 
and ashed in the manner described for silk (see p. 104). 

•Extract the ash with hot water, filter and wash the residue 
with hot water. 

• Examine the filtrate for soluble salts, e.g. chloride, sulphate, 
borate, and for magnesium. 

Extract the residue insoluble ir/ water with hydrochloric 
acid, and again filter. 

Examine the filtrate for tin, silicate, and also for tungsten. 
The test for tungsten is made as follows :— 

To the hydrochloric acid solution add a few pieces of zinc. 
In the presence of tungstates a blue colour develops on 
standing, owing to the formation of oxides of tungsten (tung¬ 
sten tungstate, WjOj or zWO,. WO^). 

If any considerable residue is obtained after extraction 
with hydrochloric acid it should be fused with fusion mixture 
and potassium nitrate, and the fused mass examined ip the 
usual manner for silicate, tin, alumina, etc. (see p. 105). 

The efficacy of the “fire-proofing^’ process depends to a 
great extent on the insolubility in water of the mineral salts 
added, since on washing the fabric in the ordinary manner with 
soap and water, the soluble salts will be dissolved out. 

For this reason a determination of the proportion of soluWle 
matter in |he ash is, from the practical point of view, of more 
importance than a determination of the exact nature and quan¬ 
tity of the various mineral salts added. 

This determination can be carried out in the following 
manner:— • 

** Determination of Soluble Matter fn the Ash of “ Flan- 
nelttte ".—Weigh out a piece of flannelette (about 2 gms.), 
ash and determine the weight of the ash as described above 
(see p. 104). • 

Transfer the ash to^ ^baker, cover with distilled water and 
boil for ^bout ten minutes. * 

Pour off the water through a,filter, add more water to the 
ash and again boil and filter. Finally, transfer thj ash to*the 
filter, wash several times with fiot water, dry, ignitf and weigh. 



122: , APPLIED CHEMISTRY 

jhe differfenqe between this weight and that of the total aA 
gives the weight of soluble matter present. 

The above experiment gives the proportion of soluble 
matter present in the'“ dressing,''* after ignition,* but this does 
not necessarily represent the total amounj of tmneral mattw 
removed from the fabric during the ordinary process of wash¬ 
ing, since a considerable amount of the insoluble matter may 
be “ washed out ” of the fabric together with the adhering dirt. 
This may be shown by making the following experiment: 
Weigh out two pieces of flannelette (each about 5 gms.). 

(a) Determine the percentage of ash (mineral matter) ,;n 

one piece, as described above. 

{b) Immerse the othlr piece in an aqueous soap solution 
containing about O'S per cent, of soap, and heat. Stir and turn 
the material at intervals with a glass rod, and allow the solu¬ 
tion to boil briskly for about ten minutes. 

Remove the fabric from the soKition, rinse 7 vell with water,^ 
dry and determine, by ashing, the percentage of mineral matter 

left in the fabric. . r 

It is essential that the soap should be removed from the 
fabric as completely as possible by rinsing, since any soap left 
in the fabric will be converted to carbonate on ignition, and 
will increase the amount of mineral matter found in the fabric. 

The percentage ash obtained for {/>) is usually considerably 
less than that in (a), the difference showing what proportion 
of the mineral matter has been removed. 

In the case of one specimen examined 90 per cent. 01 the 
mineral matter was removed by this treatment. 

* Thus loading with mineral matter can hardly'be considered 
a satisfactory method of permanently reducing the, inflamina- 
bility of flannelette, which has to be washed frequently. 
be effective, the fire-proofing process should really be repeated 
(after each washing, or at least at short intervals. 

Einen. 

Linen is a fibre obtained from the inner bark or bast litres 

of the flax plant. , ,1 j « 

‘ ‘ “^he flax plant, when fully grown, is cut down or pulled up 
by thS roots ; the seeds .and leaves* rfte then separated froqj 
the stalks by a mechanical process technically Iftiow" “• 
“ rypling 

* On igwtion some of the soluble matter may be rendered insoluble, 
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The stalks are tied in bilndles and exposed to* the action • 
of water and air for several days. This process is described 
u's “ retting” (or rottiftg'), as under these conditions the woody 
tissues of the plant are broken down by fermentation, and the* 
inner fibrous«celluli«e can then be separated from the der.om- 
posed tissues by a series of mechanical operations. 

•“ Retting " may be carried out either by placing the flax 
in stagnant water, “ pool-retting,” or by exposing it to the 
action of running water in a stream. 

The Courtrai flax of Belgium is “ retted ” in the river Lys, 
ai»d flax “ retted ’’ in this manner is usually a better colour 
than “ pool-retted ” flax. 

Flax may also be “ retted ” by atcposing it to the action 
of dew and sun, “ dew-retting,” but the method gives uneven 
results, the fibres obtained are rather dark in colour, and are 
usually considered inferior to those obtained by other processes 
of “ retting ”. • 

Attempts have also been made to bring about the “ retting ” 
of flax with specially prepared bacterial cultures. 

Linen fibres are more lustrous and considerably longer than 
those of cotton, and their tensile strength is greater. They 
are, however, more readily disintegrated (see p. 124) and “ over- 
retting ” makes the fibres brittle. t 

Microscopical Appe&rance. 

Under the microscope the fibres are seen to be composed 
of bundles of cylindrical cells, which show fine longitudinal 
markings, arid occasional transverse markings and knot-like 
joints (resembling the knots in .straw). (See Plate II, Fig 12.) 

The lumen shows as a narrow streak or line in the centre 
of the fibres, and the fibres taper to a point at the ends. 

In cross-section the fibre is polygonal and shows a smal] 
round lumen. 

Examine some fibres of linen undet the microscope, then 
moisten the fibres with dilute iodine solution (see p. 126), and 
examine again. The treatment with iodine renders the char¬ 
acteristic markings more apparent. . .. 

In examining fibre^frtnn a piece of linen fabric, any starch c 
added as dressing jnust b*e removed fcefore staining the fibres 
with iomne. 
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Chemical Propedies of Linen. 

Flax fibres are composed almost entii^ly of cellulose (about 

per cent), the othtr substances present being water (6-8 
per cent.), and small quantities of fat, wax and pectose. 

By suitable chemical treatment, flax n:^.y be made to yield 
a pure cellulose, chemically indistinguishable from cotton 
cellulose. ^ 

The chemical reactions of linen are, therefore, essentially 
the same as those of cotton, and differ only in one or two minor 
respects. ^ 

The following differences should be noted ;— 

Action of Sulphuric ^cid. —Linen is less readily attacked 
than cotton by the action of concentrated sulphuric acid, and 
this may be used as a distinguishing test. 

Immerse fibres of cotton and linen in concentrated sulphuric 
acid for two minutes, wash well jyith water, and then with 
water containing a little ammonia, and dry. 

Cotton fibres form a gelatinous mass soluble in water. 

Linen fibres are comparatively little affected. 

Any dressing in the fibres should be removed before ap¬ 
plying the tests, by boiling with distilled water for a -few 
minutes, and gently rubbing. 

Action of Ammoniacal Copper Oxide [Cuprammonium) Solu¬ 
tion. —Linen swells upon treatment with ammoniacal copper 
oxide, but does not dissolve (see p. 112). 

Action of Oxidising Agents. —Owing to its structure linen 
is more easily disintegrated than cotton by the action of bfeach-' 
ing powder and other oxidising agents, and also by boiling 
solutions of alkali in the presence of air (see p. in). 

Moisten some linen fibres arranged on a microicope slide 
with a drop of dilute chromic acid solution. Allow to stand 
for a- few minutes, cover with a cover-slip, and examine under' 
fhe microscope. , 

The linen fibres are broken down into their constituent 
cells by the action of the chromic acid. Cotton fibres b^ing 
unicellular are not so readily disintegrated. 

The . Dyeing of .Linen. 

Linen is even less reaitive than cotton with dyes, ^nd this 
is sometimes made use of in {listinguishing tests. Such tests 
ate,*howev5r, only reliable when the linen is unbleached; 
bleached linen shows little or no difference from cotton. 
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Hygroscopic Character. 

Linen under normal conditions contains about the same 
percentage of moisture as cot’ton, i.e. 7-8* per cent (see p. 113).» 

OTHER BAStViBRES, RAMIE, JUTE AND HEMP. 

Thesf fibres are all somewhat similar in nature to flax 
fibres, but are not used very extensively in the production of 
textile fabrics, so that only a brief description of their properties 
need be given here. 

Ramie or China Grass is a bast fibre of a plant of the 
nettle family; it is strong and dui’able and probably ranks 
first of the vegetable fibres in these respects. It is m^re 
lustrous than linen, but is rather harsh and inelastic. 

The decortication of the fibre from the plant is somewhat 
difficult and has to be doneTiy hand. This has, so far, prevented 
a more extensive use of the fibre for textile purposes. 

The fabrics described as “ Grass-Lawn " and “ Indian 
Lawn,” if genuine, are composed of ramie. 

Chemical Composition. —Ramie is composed almost entirely 
of cellulose; but certain varieties appear to contain some ligno- 
cellulose, since they give a slight yellow coloration* with 
aniline sulphate (see p. 126). 

- Microscopical Appearance of Ramie%—'Wv^ bast cells are con¬ 
siderably larger than those of linen, and both the lumen and 
•the fibre itself show considerable variation in width. The 
cross-section is elliptical. , 

Jute ij a fine, lustrous fibre, but lacks strength and dura¬ 
bility, and rapidly deteriorates if exposed to action of moisture. 
For this reason its use is confined chiefly to the production of 
coarse woven fabrics, e.g. sacking, etc.; but it is also used ii) 
certain forms of tapestry and as a binding theead in the weav¬ 
ing of carpets. * 

• Chemical Composition. —Jute differs in chemical composition 
from linen, since it consists essentially of a compound of cel¬ 
lulose known as ligno-cellulose, and jute is sometimes descfibed 
as a “ lignijiedfibre ” (»e^p. 126). 

Microscopical Appearance. —Jute* fibres are rather smooth 
in appearance and transverse maijcings are absent. The lumen 
varies in width and the cross-section*is polygonal^ showing an 
oval lumen. 
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HemiS is a harsh, stiff fibre 6f considerable tensile strshgth 
ind durability, and in these respects differs very mark^jy ‘ 
from jute. It is usee}, chiefly in [he production of twine, cord, 
etc. 

Chemical Composition. —Hemp is composed 'partly of cel¬ 
lulose and partly of ligno-cellulose (see bdiow). 

Microscopical Appearance. —Under the microscope, hemp is 
very similar in appearance to flax. The ends of the* fibres are 
usually blunt and sometimes forked ; this forking is not shbwn 
by linen fibres. In cross-section the fibres are elliptical, and 
this is also a means of distinguishing them from linen (See " 
p. 123 ). 

Colour Reactions of Unbleached “ Ligno-Cellulose 

Ligno-cellulose reacts with various aromatic compounds, 
giving coloured derivatives, and these reactions are made use 
of in testing for “lignified fibres*’. Lignified fibres which 
have been bleached by the action of chlorine, sulphur dibxide, 
etc., not give these colour reactions, and such tests are there¬ 
fore limited to the examination of unbleached fibres. 

Aniline Sulphate. —Immerse the fibres in an aqueous solu- ■ 
tion of aniline sulphate (about i per cent.). The fibres are 
stairted yellow or orange. 

Phloroglucinol. —Immerse the fibres in an alcoholic solu¬ 
tion of phloroglucinol (5 per cent.), dry, and then expose them 
to the action of hydrochloric acid gas. 

This may be done by warming a little concentrated Hydro-* 
cljloric acid in a dish and holding the fibres in tlje fumes. 

The fibres are stained a bright red colour. 

If fibres of unbleached jute or hemp are not available the 
colour reactions with aniline sulphate and phloroglucinol can 
be shown with a piece of ordinary newspaper.* This paper is 
visually prepared from wood pulp and contains ligno-cellulose. 
The paper should be ijioistenjd with a few drops of the reagent 
and not immersed in the solution. 

Iodine and Sulphuric Acid. —Lignified fibres treated wifii a 
dilute solution of iodine and then with sulphuric acid are 
staided yellow; fibres of cellulose aje staihed blue. 

Hftnp which is corap9sed partly•offcellulose and oartlv of. 
ligno-cellfilose gives a greenish colour. 

This is also a convepienfr method of staining bast fibres’ 
whith are te be examined with.the microscope (see p. 1"23). 

I' . 

* NewBpajMi usually coptains some unbleached'flivei. 
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The solutions required be pr^red as follows;— 

to) Dissolve 3 gms. of potassium iodide in 60 c.c, of watar 
and add i gm. of iddine, pilute the ^blution i; 10 before 

using. • ' 

{b) Diluta 3 parts of concentrated sulphuric acid wi{h I 
part of water, and, iJ required for microscopic work, add i part 
of glycerol; this prevents the destruction of the fibres by the 
acid and^brings out certain differences in structure. 

Quantitative Examination of Mixed Fabrics. 

A careful study of the chemical reactions of the textile 
fibres, as described in the foregoing pages, indicates that it 
should be possible, by a suitable sel^tion of reagents, to make 
a quantitative separation of the principal textile fibres (wool, 
silk and cotton) present in fabrics composed of mixtures of 
these fibres. It will also be seen that in some cases there is a 
considerable choice of reagents available for this purpose. 

The following experiments are selected to show how such 
separations may be carried out, and to illustrate some of the 
methods which have been found to give good results in practice. 

For further information of this subject see “Textile 
Fibres” (Matthews). , ^ 

Preliminary Examination with the Microscope. 

Before making any quantitative separation of a mixed 
fabric, some of the "warp” and some of the "weft" threads 
•shpulcl be carefully examined under the microscope; this will 
show which fibres are present, and the separation can then Jje 
made accordingly. 

The thVeads running the length of the cloth are called the 
“ warp threads ” or “ ends ”. Those that intersect or run across 
the warp threads are called “ woof" “ weft" or "filling ” threads. 
The “ filling ” threads which bind in the warp^threads at either* 
side form the selvage. 

Weighing of Fabrics. 

For carrying out;, quantitative determinations, fabrics/nay 
either be weighed in the ^air-dry condition, or they inay be 
dried at 100° C. aqd weired in a stoppered vessel. ^ . 

The^ondition in which the fabric is weighed should be 
stated, i.e. “air-dry” or dried at'ioo°»C. 

In thp experiments here described the fabrics,jlnless other¬ 
wise stated, |r9 weighed in the air-dry condition. 
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, (For precautions to be takdn in restoring the material to 
the air-dry condition after drying see p. 94.) 

< 

separat/on of wool and cotton. 

In fabrics containing only two differeiy kind! of fibre the 
quantities of two constituents present are usually determined 
in the following manner;— 

(1) The total amount of fibre (i.e. the weight of ^bric after 
the removal of finishing materials or dressing) is determined. 

(2) The amount of one of the constituents is determined 
by direct experiment 

(3) The amount of the second constituent is obtained as 
the difference between (i; and (2). 

In the case of wool and cotton it is possible, however, by 
making two experiments, to determine the' quantity of both 
constituents directly, and this method is therefore recom¬ 
mended, since it is more instructive and a check on the 
accuracy of working is obtained. 

Determination of Wool. 

(a) Cotton is soluble in a concentrated solution of sulphuric 
acid f wool is very little affected by this reagent, and a separa¬ 
tion of wool from cotton can be made in the following 
manner:— 

Immerse a weighed piece of the fabric (2-5 gms.) in 80 
per cent, sulphuric acid for twelve hours. 'Wash the residue, first 
with a mixture of equal parts of alcohol and water and then 
with alcohol to ensure the complete removal 6f the cotton. 
Dry the residue, restore to the air-dry condition ^nd weigh. 

If the residue becomes disintegrated and cannot be washed 
and. dried in one piece, it should be collected and dried on 
a filter paper, restored to the air-dry condition and weighed. 

{b) If wool fibres are present both in the warp and in the 
weft threads (this will be inidicated in the preliminary micro¬ 
scopical examination) the following method can also be tsed 
for separating cotton from wool, and has been found in practice 
to.give more satisfactory results than method (a). 

Dilute acids have very little ‘action on wool, whereas 
cotton, if treated with dilhte acids and dried without/washing, 
is tendered and rendered battle (see p. 107). A separation 
iJanotherefoffe be effected‘in the following manner:— 

Immerse.-a weighed piece of the fabric (2-5 gms.) in dilute 
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hydrochloric acid (i part of cohcentrated acid to 8 parts watei*) 
for about fifteen minutes. Remove the material from thte 
solution, and without ■hashingi-t, diy as rjpidly as possible, pre¬ 
ferably in front of a fire. The cotton darkens and becomes 
brittle and can be completely removed from the material, by 
gently rubbing and shaking. The wool is restored to the air- 
dry*condition and weighed. 

Care should be taken not to rub too hard, or particles of 
wool are liable to become detached. 

The wool fabric should appear uniform in texture when 
heid against the light; dark irregular patches indicate that 
the cotton has been incompletely removed. 

A photograph of the wool fabric# separated from a cotton 
and wool fabric in this manner is shown in Fig. 8, B. 


Determination of Cotton. , 

» 

Wool is soluble in a 5 per cent, solution of potassium 
hydroxide, whereas cotton is little affected by this reagent 
except on prolonged boiling (see p; 111). 



Fio. 8.—Separation of wcftcl and cotton fabric. A—wool and cotton fibrlcl 
B—^wool fabric separated irom*A. C—cotton fabric separated fromeA. 

Cotton may therefore be sepe^rated from wool in the tol- 
lowing manner;— ' 

Weiglb out a piece of the material ( 2-5 gms.),and boil it, 

9 
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for about 'fifteen minutes in a 5' per cent solution of caustic 
jfotash* 

Remove the material from thfesolutiofi and wash thoroughly, 
first with water containing a little acetic acid and then with 
water. Dry, restore to the air-dry conditfon and weigh. 

The weight of cotton in the material is thus obtained; 
but since cotton loses from 3-5 per cent, of its weight on boil¬ 
ing with caustic potash, it is usual, on this account,'to add to 
the cotton 5 per cent of its weight A photograph oft the 
cotton fabric separated from a wool and cotton fabric in this 
manner is shown in Fig. 8, C. . • 

The following example shows the method of calculation;— 

Determination of Wool and Cotton in a Mixed Fabric. 


Determination of Wool .— 

Weight of sample (air-(j[ry) = 2-15 gms. 

Weight of wool (air-dry) obtained from sample = i ‘lo gm. 

Therefore percentage of wool = x 100 = 5fi. 

Determination of Cotton .— 

Weight of sample (air-dry) = 2'20 gms. 
f Weight of cotton obtained from sample = o'pS gm. 


Add 5 per cent, correction ^ = oyS x = 0‘05 gm. 
Corrected weight of cotton = i '03 gm. 

I *0^ 

Percentage of cotton = —5 x 100 = 46'9. 

Total fibre (air-dry) present in fabric = wool -1- cotton 

= 46-9 + 51-1 = 98-p per cent 


The above experiments, if carefully carried out, should give 
with a fair degree of accuracy the proportions of wool and 
cotton present ih a mixed fabric. Since in preparing mixed 
fabrics the fibres are not specially dried, but are used in the 
air-dry condition, it is more satisfactory, from the pracAcal 
point of view, to make the determinations on air-dry materials 
aft'dfescribed above. 

If more accurate results are required, the amount of finish¬ 
ing materials and also the moisture present in the fabric 

{ Caustic stia, it ia stated (Matthews), does not give such aatisfactoty results, 
hut owing to (he high price of caustic potash it may at the present time be 
used. 
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^ould be determined by direct experiment, and the separated 
cQtton and wool should be dried at 100° C. to a constaift 
weight For further details of procedurelsee “ Textile Fibre* ” 
(Matthews). 


SEPARATION OF SILK AND WOOL. 

Silk i* more reactive towards chemical reagents than any 
of the other fibres, and it is therefore possible to dissolve out 
the silk from mixtures of silk with either wool, or cotton, or 
bc^h (see below) ; but so far no method has been devised by 
which the wool can be removed and the silk left unaffected. 
In the case of wool and silk mixturfs, therefore, the method 
outlined on page 128 must be employed. 

(a) Determination of Finishing Materials or “Dressing”. 

Weigh out a piece of the fabric (2-5 gms.) and boil 
first in a i per cent, solution of hydrochloric acid for fifteen 
minutes, and then in a 0‘05 per cent solution (N/ioo) of 
sodium carbonate for the same time. Wash well with water 
and weigh when restored to the air-dry condition. This 
gives the total amount of fibre present in the material. , 

(b) Determination of Wool. 

Silk is rapidly dissolved by concentrated hydrochloric acid 
in the>:old,* whereas wool is not affected to any marked ex¬ 
tent by this reagent. A quantitative separation of the two 
fibres can thus* be made in the following manner:— * 

Immerse the fabric after the removal of the dressing, as 
described atove, in concentrated hydrochloric acid for about 
five minutes. Wash thoroughly, restore to the air-dry condi¬ 
tion and weigh. 

This gives the weight of wool present in the fabric. 

The total amount of fibre (a), less theVimount of wool {/>), 
gives the amount of silk. 

As an alternative method the silk may be dissolved out by 
the action of a solution of basic zinc chloride. (See Sepetra-' 
tion of Silk, Wool arid .Cotton, P- 132.) Care must be 
taken to^wash ou* the zinc salt co'mpletely, and, for this 
reason, the fabric should be rinsed, in water containing a little 
acetic acid. 

* This is only.true ii the silk is free from weighting (see f. 100). 
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A photograph showing the* separatftn of a silk and wool 
febric is shown in Fig. g. In this case the warp threads were 

A* 



Fig, g.—Separation of a wool and silk fabric. A—wool and silk fabric. B—strands - 
of wool separated from A. 

composed of wool and the weft threads of silk, so that a com¬ 
plete wool fabric could not be separated. 

SEPARATION OF SILK AND COTTON. 

The methods given for separating silk from wool iiia^ aisu 
be used for separating silk from cotton. 

If a concentrated solution of hydrochloric acid ij used, how- 
' ever, special care must be taken to remove all tiie acid from 
the material before drying (see p. 107), and the cotton should 
« be washed first with water containing a little alkali, and then 
with, water alotie. It is usual also to apply a correction of 
4 per cent, to the weight of'cotton obtained, to compensate for 
loss undergone during the treatment (cf. p. 130). 

Silk may also be separated from cotton by the actbn of 
alkaline copper-glycerine solution. (See Separation of Silk;,; 
from tustra-cellulose, p. 133.) 

SEPARATION OF SILK, WOOL AND COTTON. 

^ I 

The following method may be conveniently emprfpyeu 

The dressing or finishing materials are rpmov^ 
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fdbric, and the total Amount of fibre present determined (see 
131). Let this weight = {a). > 

The silk is then Vemoved by immersing the fabric in a 
boiling solution of basic zinc chloride (see p. 97) for two 
minutes. Thfe fabric is well washed first with water contain¬ 
ing a little acid, aim then with water alone. The residual 
cottftn and wool are then restored to the air-dry condition and 
weighed. * Let this weight = ( 6 ). 

The wool and cotton are then separated by treatment with 
5 per cent, caustic potash (see p. 129). 

•The residual cotton is washed, restored to the air-dried 
condition, and weighed. Let this weight = (<r). 

^ (A correction of 5 per cent, is aidded to the cotton after 
this treatment, see p. 130.) 

Then (a - b) = weight of silk. 

d - (c + $ per cent, of c) = weight of wool. 
c + S per cent bf c = weight of cotton. 

SEPARATION OF SILK AND LUSTRA-CELLULOSE. 

Real silk is soluble in an alkaline solution of copper oxide 
containing glycerine (see p. 98), whereas lustra-celluloses dc 
not dissolve in this reagent • 

The total amount of fibre in the material should first be 
determined (see p. 131). The silk caa then be dissolved oul 
by immersing the fabric for thirty minutes in alkaline copper- 
glycerine solution at the room temperature 119). The 

residual lustra-cellulose is then carefully washed, dried, re¬ 
stored to the air-dry condition, and weighed. • 



Chapter V. 

BLEACHING AGENTS. 

Chemical reagents which are used for the removal of colour¬ 
ing matters from textile^ are usually described as “ bleaching 
agents". Bleaching agents may be used to remove the 
natural colouring matter of fibres, to remove a dye, or to 
take out a stain. The colouring matters which have to be 
dealt with are, with one or two •exceptions (e.g. iron com¬ 
pounds*) organic substances, and bleaching, as ordinarily 
understo^, consists in the conversion of coloured organic 
compounds into colourless derivatives. 

There are two general methods by which bleaching may 
be effected:— 

(1) By the oxidation of the colouring matter to a colour¬ 
less derivative. 

(2) By the reduction of the colouring matter to a colourless 
derivative. 


I. Bleaching by Oxidation. 

This may be accomplished by the action of the oxygen of 
the air, or by oxidising agents, i.e. substances which give up 
oxygen (peroxides, etc.), or which liberate oxygen from other 
substances (chlorine, etc.). The agencies most commonly made 
*use of for bleaching by oxidation are the following:— 

Light and air. 

Chlorinated lime (“ bleaching powder'’) and hypochlonites. 

Peroxides: hydrogen peroxide, sodium peroxide. 

Persalts: sodium perborate. , 

Pqjassium permanganate (in Conjunction with other re¬ 
agents). 

* Stains produced by iron ^om{feunds, e.g. Fe^Og, are usually removed Iigr 
diSsBving out jhe)i>on with an acid (sep p. 162), and this process hardly comes 
dritfain the category of bleaching. 

.(134) 
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LIGHT‘AND AIR. 

Most colouring piatters are bleached on prolonged A- 
posure to light and air, and "bleaching (!an be effected in thi^ 
manner with the least possible deterioration of the fabfic. 
The process is, ho^jever, in many cases, extremely slow,* and 
it ij often necessary to resort to some niore rapid method of 
bleaching. 


CHLORINATED LIME (BLEACHING POWDER) AND HYPO¬ 
CHLORITES. 


One of the reagents most frequently used for bleaching 
textiles is the substance known its “ chlorinated lime ’’ or 
bleaching powder. 

Bleaching powder is prepared by passing chlorine gas over 
slaked lime, and its formation can be represented by the 
following equation :— * 

/OH /OCl 

Ca( + CI2 Ca( + HjO 

\OH \C1 

Slaked lime. Bleaching powder. 

Bleaching powder may be regarded as a mixed salt of 
hydrochloric and hypochlorous acid thus :— 


Ca/O + H 


Cl 

OCl 


Cl 

+ HjO. 

^OCl 


On treatment with dilute acids this substance gives .off 
chlorine;— 

Ca(OCl)Cl + HCl -* CaClj + HOCl 
HOCl + HCl-HjO + CV 

In the presence of oxidisable colouring matter and water, 
the chlorine will react with the water, liberjiting oxygen, an 3 
the colouring matter is thus oxidised or pleached. 

Clj + HjO -i. 2HCI + O. 

It should be noted that the oxygen is liberated in the 
fabric in the “ nascent” state, and in this condition has much 
more powerful bleachjng* properties than ordinary rnolecufar 
oxygen. 

The* active agent in bleaching powder is the chlorine 
liberated by the action of dilute lacid, and tlys is usually 
termed the “ available chlorint". 
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, It is possible to prepare bldbching powder containing up 
t(4 43 per cent, of available chlorine, but commercial.prepara¬ 
tions usually contain a,bout 30-36per cent, of available chlorine, 
wr)d in addition contain some free lime (i.e. lime not combined 
will] chlorine). 

On keeping, bleaching powder tends/to decompose with 
the. formation of calcium chloride and chlorate, and on‘ex¬ 
posure to air and moisture the carbon dioxide ctf the at¬ 
mosphere causes a partial liberation of the chlorine;— • 

6Ca(OCl)Cl - sCaCl., + CaCClOa)^ 

calcium chlorate. 

2Ca(0Cl)Cl -1- H2CO3 -> CaCOj -1- CaCl.2 -1- 2HCIO. 

The hypochlorous acid first produced decomposes with the 
liberation of chlorine. 

Hence the amount of available chlorine in different 
samples of bleaching powder may vary considerably, but the 
amount actually present can readily be determined in the 
following manner:— 

Determination of Available Chlorine in Bleaching 
Powder. 

I^ potassium iodide be added to a solution of bleaching 
powder and the mixture acidified, the chlorine liberated reacts 
with the iodide, setting free an equivalent quantity of iodine. 

Cl,2 -1- 2KI 2KCI -1- L. 

2 X 35-5 2 X 127 

The amount of iodine thus liberated can be determined by 
titration with a decinormal solution of .sodium thiosulphate. 

2Na2S20,. 5H.2O - 1 - I2 2NaI + N^S^Or, -1- JHaO. 

2 X 248 2 X 127 

The method of procedure is as follows :— 

Weigh out logms. of bleaching powder, using a weighing 
bottle,* 1 nto a porcelain mortah Add about 5 c.c. of water and 
mix thoroughly until a smooth paste is obtained. 

Gradually dilute the paste with more water, stir well and 
peurioff the milky fluid into a litre flask. • 

Rub down the residue left in the^miyrtar with a little more, 
water, and again pour off Hie liquid into thd litre flasl^ 

Repeat this process until ^all the powder has been tra^, , 
ferrqd to the^flajk, then rfiake up the volume to loooe.c 
%ha^e well. 
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Measure out 25 tc. of tHe solutiort with a pipette into 
mnical flask, add 5 c.c. of a 10 per cent solution of potassium 
i^ide.and acidify with dilute acetic acid. 

Iodine is liberated and the solution turns brown. 

Run in decinormal sodium thiosulphate solution from a 
burette, until the Elution turns from brown to pale yellow, 
then add two or three drops of clear, freshly prepared starch 
solution (see p. 16) and continue to run in the sodium thio¬ 
sulphate solution until the blue colour, at first obtained, just 
disappears. 

• At this stage more acetic acid should be added ; if all the 
available chlorine has been liberated no change in colour will 
be observed, but if more chlorine, anjl therefore more iodine, is 
set free, the starch will again turn blue and the titration must 
be continued until the reaction is complete. 

The above equations show that 248 parts NajS203. SHjO 
are equivalent to 127 parSs iodine, and 127 parts iodine are 
equivalent to 3 5 "5 parts chlorine. 

A decinormal solution of sodium thiosulphate contains 
24'8 gms. of crystalline thiosulphate (Na^S.^Oj. S^^O) in 
I litre. 

Therefore i c.c. N/io sodium thiosulphate = 0'0248 gm. 
thiosulphate. • 

Or I C.C. N/iosodiumthiosulphate = 0'Oi27 gm. iodine. 

„ „ „ „ • = 0 00355 gm. chlorine 

Hence the “available chlorine” present in 25 c.c. of the 
bleaching powder solution is obtained by multiplying the 
number of c.c. of N/io thiosulphate used by 0'00355. 

Or the “available chlorine’’ present in I litre of solution 
(10 gms. powder) = c.c. of N/io thiosulphate x 0'00355 x 4a 

This result multiplied by 10 gives the percentage of avail¬ 
able chlorine in the powder. 

Alkaline Hypochlorite 

, ’Solutions of sodium or potassium hypochlorite are some¬ 
times used as a source of chlorine for bleaching purposes, in 
preference to bleadhing powder. The absence of cafciufa 
compounds in su<A pitparations is considered an advantage, 
since th» possible formation of insoluble calcium soaps in the 
subsequent washing process is thus avoided. 
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On aciclifying the solution of*hypochlorite with dilute acid,' 
chorine is liberated. 

NaOCl + i-HCl -> NaCl + HjO + Clj. 

A solution of sodium hypochlorite can be prepared by 
pass'ing chlorine into a solution of caustic^.oda in the cold * 
or by the electrolysis of a solution of common salt. ^ 

CI2 + 2NaOH NaOCl + NaCl + HA' 

Such a solution is sometimes sold under the namd of 
“ Javel water” or “ Eau de Javel,” though originally this pro¬ 
duct appears to have contained potassium hypochlorite (KOCi). 

A solution of sodium hypochlorite can also be obtained by 
adding excess of sodium tarbonate to a solution of bleaching 
powder. 

Ca(OCl)Cl -p Na.2C02 CaCOa -H NaCl -p NaOCl. 

The insoluble calcium carbonate is allowed to settle, and 
the clear liquid containing the hypochlorite is decanted and 
used. 

“ Available Chlorine ” in a Solution of Hypochlorite. —The 
amount of available chlorine in a solution of hypochlorite can 
be determined by acidifying a measured volume of the solution 
withocetic acid, in the presence of excess of potassium iodide, 
and determining the amount of iodine thus liberated with 
decinormal sodium thiosulphate solution as described under 
Bleaching Powder (p. 136). 

The Use of Chlorine as a Bleaching Agent. 

Chlorine, in the form of either lime or soda compound, 
should not be used for bleaching silk or woollen fabrics, the 
fibres of which are attacked by chlorine and rendered harsh 
find brittle (see pp. 92 and 97). 

The use of chlorine should be restricted to the bleaching 
of linen and cotton, ire. cellulbse ; and even cellulose, it should 
be remembered, is by no means unaffected by the actioff of 
chlorine (see pp. 112 and 124). 

• . k is therefore necessary to exercise considerable care in 
using ahlorine as a bleaching agent. < The directions given 
below indicate the maxiihum strength of Solution v^ich ex- 

If chlorine is passed into « warm solution of caustic soda, chlorate and 
chloride are obaaineo. * 

^«NaOH + sClj -^.NaClOj + sNaCl + 3H,0._ 
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perience has shown it is reasftnably safe to adopt, a’nd the pse- 
cautions which should be taken to avoid damage to the fabj^c. 
‘ Preparation of * Solution of Chlorine for Bleaching .— 
A solution of chlorine used for bleaching textiles should pat 
contain mose than about 0'i5-0‘2 per cent of “available 
chlorine 

• Since bleaching powder contains about a third of its own 
weight t)f available chlorine, a solution prepared by mixing 
6 gms. of bleaching powder with I litre of water will contain 
about 2 gms, of available chlorine per litre, or 0'2 per cent of 
‘iavailable chlorine 

The solution should be allowed to settle and the clear 
liquid only should be used y 

If the fabric is immersed in the turbid solution over-bleach¬ 
ing may occur in places, also any insoluble calcium compounds 
present will tend to settle on the fabric, and form insoluble cal¬ 
cium soaps during the sabsequent process of washing wit! 
soap and water (see p. 18). 

Sodium Hypochlorite Solution .—A solution of sodium hy 
pochlorite, containing about 0 2 per cent of available chlorine 
can be prepared by mixing 6 gms. of bleaching powder with 
600 c.c. water and adding to it 8 gms. of sodium carbonate 
(anhydrous) dissolved in 400 c.c. water. The mixture ihoulc 
be well stirred, allowed to settle and the clear liquid pourec 
off and used. • 

In working with large quantities it is often moreconvenien 
to measure in ounces and gallons. 

One gallon of water = 10 lb. 

Therefore a solution obtained by mixing 6 lb. of bleadfinj 
powder with 100 gallons of water (i 000 lb.) will be of the sami 
strength as that described above, and will contain about O'; 
per cent, of “ available chlorine ”. 

One gallon of this solution will contain 0'o6 lb. of bleachini 
powder 

= 0'06 X 16 ozs. tleachin^ powder 
= o-g 6 oz. bleaching powder 
= I oz. (approximately). 

Hence a solutior^ prftpared by mixing i 02. of tjleachini 
powder with i gallon of*water will* be of convenient strengt 
for bleaching purposes. 

The article to be bleached should be steeped in the blpach 
ing powder or hypochlorite’solution for a Tfe^'minutes, an 
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then transferred, without rinsing, to a bath coritaining a 2'5 per 
cept. solution of glacial acetic acid. 

A solution of sulphuric acid containing not more than O'ft 
per cent, of pure acid may be used (sp. gr. i '005), but the 
solution of acetic acid is in all cases to be prefericd, as under 
these conditions the bleaching is effected cljiefly by the action 
of hypochlorous acid, and the only free acid left in the fabric is 
acetic acid. 

The reactions of bleaching powder with acetic acid can'be 
represented by the following equations:— 

Ca(OCl)Cl + 2 CHjC 00H (CH,COO)jCa + HOCl + HCI 
HOCl HCl + 0 

(CH3COO)2Ca + 2KCI 2CH3COOH + CaCl,,. 

In the case of sulphuric acid, chlorine is liberated and any 
excess of sulphuric acid is left in the fabric. 

Ca(OCl)Cl + HjSO, -> CaSO, + H^O + Cl^. 

Very complete rinsing is therefore necessary if sulphuric 
acid is used, and it is advisable to add a little alkali to the last 
rinsing but one, or to wash the fabric thoroughly with soap 
and water in order to ensure that no free acid is left in .it; 
since however dilute the solution may be, the acid becomes 
concentrated on drying, with the result that the fabric is ten¬ 
dered. This is more particularly the case if the fabric is dried 
rapidly by ironing with a hot iron (see p. 107). 

By using acetic acid this difficulty is to a great extent 
obviated, as traces of this acid left in the fabric have little dr no 
eff^t on the fibres even on drying (see p. no). . 

If the colour is not completely removed by the action of 
the chlorine, the process may be repeated (see p. 161). 

P'inally, the fabric should be rinsed thoroughly with water, 
to which a little ammonia may be added, washed with soap 
aTid water, again rinsed and dried. 

“Anti-chlors.” 

, Jn order to remove the last traces of chorine from fabrics 
which Ijave been treated with bleaching powder or hypo¬ 
chlorite solutions, chemical* reagents A^hfch will react with the 
chlorine, and thus prevent its further action on the fibres, are 
^ome^imes used. Such svbstinces are termed "■anti-chlors',' 
those most frtguSntly employed being solutions of;—, 
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Sodium bisulphite (NaHSOj). 

Sodium thiosulphate (NajSjOj). 

These react with thlirine in the following manner :— 

(i) 2NaHSOj + Clj +H20^NajS03 + 2HCI + Hj|SO; 
The acids formed^react with the sodium sulphite liberating 
sulphur dioxide. * 

(ii) Na^SjO., + 4CI2 + 5H2O-»• 2 NaHS 04 + 8 HC 1 . 

•The chlorine, it should be noted, is converted into hydro¬ 
chloric acid, and free sulphuric acid may also be formed with 
consequent risk to the fabric on drying. 

If the bleaching process is carried out in the manner de¬ 
scribed above, the introduction of ajy mineral acid is avoided; 
the subsequent rinsing and washing in alkaline solutions may 
be relied on to remove the last traces of chlorine, and an 
“ anti-chlor ” is not required. 

• 

PEROXIDES: HyDROGp;N PEROXIDE, SODIUM PEROXIDE. 

Hydrogen peroxide probably plays an important part in 
the bleaching which occurs on exposure to light and air, 
Commercially, this substance is generally obtained in the 
form of an aqueous solution, prepared by the action af sul¬ 
phuric acid on barium peroxide. 

BaOj + HjSO^ -> HjO; + BaSO^. 

Hydrogen peroxide acts as an oxidising agent by parting 
with'one atom of oxygen, and becoming converted into water 
HjOj HjO + 0. 

It may, therefore, be represented as water plus one atom o 
available‘oxygen, thus 

H20. 0 . 

In dilute solution, hydrogen peroxide is moderately stable 
but it is readily decomposed in the presence.of traces gf alkali 
and commercial preparations flsually sontain a liflfle fre( 
sulphuric acid, to prevent the solution from becoming alkalini 
when stored in glass bottles. This should be borne in mine 
in using the reagent for bleaching purposes (see p. I46).« . . 

More concentrate solutions of hydrogen peroxide (e.g 
perh'yd|jpl, see bflow) are generally stored in bottles whicl 
are coated pn the inside with paraffin wax. The solution i 
thus kept out of contact with the«glass, and the absor4)tioi 
of alkali from the surface of the bottle is pr«wnted. Th 



APPLIED CHEMISTRY 


142 ‘ 

strength of an aqueous solution of hydrogen peroxide is 
us(ially given in terms of the volume of oxygen (measured ^ 
N.T.P.), liberated from one volume of the solution. ' 

*■’' Thus in the case of a solution described as “10 volume!’ 
one volume of the solution should, on decomposcng, give ten 
volumes of oxygen, measured at N.T.P. (s 4 e also p. 144). 

The strength of such a solution, in terms of grams' of 
hydrogen peroxide per 100 c.c., can readily be calculated in 
the following manner;— * 

160 c.c. of 10 vol. solution will give 1000 c.c. oxygen at N.T.P. 

I litre of hydrogen at N.T.P. = O’oSpb gm. 

I „ oxygen „ = O’oSpb x 16 gms. 

' =1-43 gms. 

Hence too c.c. of 10 vol. solution yield i -43 gms. oxygen. 

The equation 

2Hj02-> 2HjO»+O.J 

2 X 34 2 X 16 

34 16 

17 8 

shows that 

8 parts of oxygen are obtained from 17 parts HjO^. 
.•. 1-43 gms. „ „ „ -X X 1-43 

, ' = ^ gms. HjOj. 

Hence 100 c.c. of “ 10 volume” hydrogen peroxide .solu¬ 
tion contain 3^03 gms. of HjOj. 

■Hydrogen peroxide is generally sold either as a 10, or as 
a 20 volume solution. 

More concentrated solutions, e.g. “100 volume” (about 
30 per cent.), sold as “ perhydrol,” can also be obtained. 

Commercial preparations of hydrogen peroxide, however, 
become more unstable as the concentration increases. As 
even a V) volume solution is‘too concentrated for bleaching 
purposes, there is nothing to be gained by procuring solutions 
of greater concentration. 

, Pure hydrogen peroxide is relatively stable in concentrated 
solution^ but tends to decompose fn tjie presence of small 
quantities of impurities, suih as are usually found in cpmmer- 
cial preparations. 
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Determination of the Amount of Hydrogen Peroxide or 
of “Available Oxygen” in a Solution of Hydrogen 
Peroxide. 

The amount of hydrogen peroxide, or of “ available oxy^* 
jen,” in a solution of hydrogen peroxide, can be determined 

Dy several different methods:— 

• 

I. Byt Determining the Amount of Iodine Liberated from an 
Acidified Solution of Potassium Iodide. —Hydrogen peroxide, 
ike other oxidising agents, liberates iodine from an acidified 
ioijution of potassium iodide, and if considerable excess of 
sulphuric acid is present, the reaction may be made use of 
juantitatively. 

HjOj + 2HI -> 2H2O + I2 
34 2 X 127 

17 127 

The iodine thus liberated can be titrated with decinormal 
sodium thiosulphate solution, as described under “ bleaching 
powder" (seep. 137). 

The above equation shows that 

17 parts HjOj liberate 127 parts iodine, 

ind since 

I c.c. N/io sodium thiosulphate = 0’0I27 gm. iodin^, 

I c.c. N/lo sodium thiosulphate = 0-0017 gm. HjOj. 
or, since 17 parts HjOj give 8 parts “'available oxygen,” 

I c.c. of N/io thiosulphate 0-0008 gm. “available 
jxygdn 

If the strength of an approximately 10 volume solution of 
lydrogen peroxide is required, dilute the solution i in 5, and 
;o 10 C.C. af the diluted solution • add 10 c.c. of a 10 per cent, 
solution of potassium iodide and 30 c.c. of dilute sulphuric 
icid. After standing for a few minutes, titrate the liberated 
odine with deciftormal thiosulphate (see p. 137). 

II. By Measuring the Volume^f Oxygon LiberatedotHIreat- 
\ng»with an Acidified Solution of Potassium Permanganate .— 
Hydrogen peroxide and potassium permanganate are both 


* 10 C.C. of Jo vol. HjOj SB 0*3 gm. 

Therefore m „ diluteij i in 5 = o‘o6 gm. 

I c.c. N/io thiosulphate = 0 0017 gm. H.Og. 

^Therefore o'o6 gm. HjOj j= N/io thiosulphate 


• SB 31*2 c.c. 

Thus 10 c.C! of the diluted solution is a convenient quantity to york with. 
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oxidising agents, but when minted together in an acid solu-' 
ti^n, the “available oxygen” present in the permangana^ 
combines with the “ available o;:ygen ” of the hydrogen p«-, 
ssf'ide, with the formation of free oxygen, and the consequent 
reduction of both reacting substances. 

(KjO . 2MnO . 5O) + 5H2O . 0'*+ 3 HSSO 4 
-^KjSO^ + 2 MnS 04 + 8HaO + SO^. „ 

This reaction can be employed for the quantitative deter¬ 
mination of the available oxygen in a solution of hydrogen 
peroxide. _ « 

A known volume of the solution is decomposed with ex¬ 
cess of permanganate in the presence of sulphuric acid, and the 
volume of oxygen liberated is measured. 

It will be seen from the above equation that half the volume 
of oxygen liberated comes from the hydrogen peroxide and 
the other half from the permangan?te. 

Hence half the measured volume of oxygen gives the 
volume of oxygen obtained from the hydrogen peroxide, and 
one volume of a 10 volume solution of hydrogen peroxide 
should, on decomposing with permanganate, give 20 volumes of 
oxygen (measured at N.T.P.). 

The determination of available oxygen by this method 
can be conveniently carried out in a Lunge nitrometer, (For 
description and method of using the apparatus see p. 42.) 

Fill the nitrometer with water and adjust (P) (see Fig. 4) 
so that the water nearly fills (A) when the level of the Jiquid 
in the two tubes is the same. 

Measure into the flask (D) a known volume of the hydrogen 
peroxide solution (see below) and add about 20 c.c. of dilute 
sulphuric acid. 

Fill the small tube (T) with a saturated solution of 
potassium permanganate and suspend in (D). Attach the 
flask (D) to the ..capillary (C) and proceed as described on 
page ^4. 

Since the nitrometer is graduated to measure only 5o/:.c. 
of gas, the .quantity of hydrogen peroxide used must be so 
rpgujated that the volume of gas liberated does not exceed 
this anjount. 

About 20-30 c.c. gas is the most convenient volume to 
work with. 

, ,If the “available oxygen ’ in an approximately ip volnm| 

Solution is cp be determined, fo c,c. of this solution 'shoul| 
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^ive 100 c.c. available oxygen (N.T.P.), or 10 c.a of this solutioif 
decomposing with potassiura permanganate should giw-e 
2ot> C.C. available oxygen (N.'P.P) (see p.'’i44). 

rience if the 10 volume solution is diluted i in 10, and 16 
ac. of the dilifted solution decomposed with permanganate, fhe 
volume of gas evolveO should be about 20 c.c., and this is there¬ 
fore *a suitable quantity to work with in the nitrometer. 

The quantity of potassium permanganate added must be in 
excels of that required to decompose the hydrogen peroxides 
If the solution becomes decolorised during the experiment 
th# quantity of permanganate added was insufficient and the 
experiment must be repeated, using more permanganate or 
decreasing the amount of peroxide. • 

III. By Determining the Amount of Potassium Permangan¬ 
ate Required io Decompose a^Known Volume of the Solution .— 
Instead of measuring the volume of oxygen liberated on de¬ 
composing with potassium permanganate, the strength of 
dilute solutions of hydrogen peroxide may be determined by 
direct titration with a decinormal solution of potassium per¬ 
manganate in presence of sulphuric acid. 

H2O0 -f- O ^ H2O -t- O2 
34* 16 

17 8 

(See also equation, p. 144.) 

• The above equation shows 8 parts of available oxygen 
from the permanganate will decompose 17 parts of hydrogen 
peroxide. 

A decinormal solution of potassium permanganate contains 
0'8 gm. of available oxygen per litre. 

Therefore i c.c. N/io KMnO^ = 0-0008 gm. available 
oxygen. ^ 

Or I c.c. N/io KMnOi = 0-OOI7 gm. 

^ measured volume of the hydrogen peroxide solution is 
acidified with dilute sulphuric acid, and decinormal .potassium 
permanganate is run in from a burette, until a faint permanent 
pink colour due to a slight excess of permanganate is ol)- 
tained. 

(The Itrength of the hydrogen peroxide should be the 
same as that Employed in Method I.,^ee p. 143.) 


IO 
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Use of Hydrogen Peroxid<e as a Bleaching Agent. 

As a bleaching a^ent hydrogen peroxide is slow in acti^ 
and is chiefly used with wool ^and sill?, since these fabrics 
^ould not be bleached with chlorine (see p. 138). 

'For this purpose a 10 volume solution/)f the'peroxide may 
be diluted i in 10 (i.e. a solution obtained containing 0 3 per 
cent, of hydrogen peroxide, see p. 142). 

If hydrogen peroxide alone is used, the solution should be 
pandered just alkaline with ammonia, since the peroxide*^ de¬ 
composes more readily in the presence of alkali, and at the 
same time any free acid in the solution is neutralised. ‘ 

The articles to be bleached may be left in the diluted solu¬ 
tion for half an hour to' an hour, and should then be dried 
rather slowly, preferably by free exposure to light and air. 

If the bleaching is not satisfactory the process may be 
repeated. 

If the peroxide is used in conjunction with potassium per¬ 
manganate an acid solution is required (see p. 153). 

In this case any free mineral acid in the solution should 
first be neutralised by the addition of a slight excess of am¬ 
monia, and the solution then acidified with dilute acetic acid. 

Sodium Peroxide. 

Sodium peroxide (NajOj) is prepared by heating .sodium 
in a current of air or oxygen, and is sometimes used as a 
substitute for hydrogen peroxide, or as a source of thjs sub¬ 
stance. 

If sodium peroxide is mixed with a small quantity of water 
there is a brisk evolution of oxygen, and sodium hydroxide is 
formed. 

2Na202 + 2 H 2 O ^4NaOH + 0^. 

If added to a considerable bulk of water, the peroxide dis- 
solve^without rtoticeable evolution of oxygen, and the solu¬ 
tion behaves as an ‘silkaline solution of hydrogen peroxide, 

NajOj + 2H2O = 2NaOH + 

78 34 

39 ' 17 

The oxidising action‘of sodium peroxide is therefore es¬ 
sentially the same as that of hydrogen peroxide, and the sodium 
compound may be regarded as a convenient means of storing 
hydrogen peroxide in a compact form. 
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It is important to rememter, however, that caustic soda 
is produced when sodium peroxide is treated with water, aifd 
before such a solution’is used'for bleacifing fabrics it should 
first be made just acid with dilute acid, and then rendered 
faintly alkaline with ammonia (see p. 146). * 

Determination o^tAvailable Oxygen in Sodium Peroxide .— 
The “amount of available oxygen in sodium peroxide may be 
determined by any of the methods described under hydrogen 
peroxide. 

The equation given on page 146 shows that 

39 parts of NajOj will yield 17 parts H2O2. 

Or, expressed in terms of “ available ox)'gen,” 

39 parts Na^O-j contain 8 parte of “ available oxygen 

Hence i c.c. of N/io sodium thiosulphate is equivalent 
to 0‘0039 gm. NajOj. 

Or I c.c.^^of N/io potassium permanganate is equivalent 
to 0'0039 gm. Na.20.2. (See pp. 143 and 145.) 

Thus in making a determination, either by iodine and thio¬ 
sulphate (p. 143) or by titration with potassium permanganate 
(p. 145), a solution containing 3-4 gms. per litre of the 
sample can be conveniently employed. 

In using the nitrometer for the determination of this sub¬ 
stance, the following considerations should be borne in mind :— 

39 parts of pure NajO^ should yield 8 parts (by weight] 
of oxygen. 

32 ^ms. oxygen occupy 22-4 litres at N.T.P. 

22'4 

39 gms. NajOj should yield —“ litres oxygen 

(N.T.P.). 

Or, on decomposing with potassium permanganate, 

22'4 

39 gms. Na^Oj should yield - x 2 litres oxygen. 

t 4 - 

(See p. 144.) 

Or 0'039 gm. Na^Oj should yi^ld 11 •2 «;c. oxygen. 

®r 0’039 X 3 = 0-117 gm. NajOj should yield ii-2 x 3 
= 3^ c.c. oxygen. 

Hence the weight of .NajOj used should not exceed 

o-10-0-12 gm. 

The Uve of Sodium Peroxide as a Pleaching Agent. —If a 
solution of sodium peroxide is used as a source of hydrogen 
peroxide for bleaching, a solution Containing oi'j gm. *oi 
NajOj per litr^ ^ill furnish approxinSately the scfhi'* amount 
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6 ( available oxygen as the dilu'te solution of nyarogen per-* 
oiyde mentioned above. (See equation, p. 146.) The solution- 
should be treated as described (in p. 146. 

PERSALTS—SODIUM PERBORATE., 

The use of sodium perborate, NaBOj. as a bleaching 

agent for laundry work appears to be fairly general^ and pre¬ 
parations sold as “ bleachers ” or “ stain removers ” often con- 
hiin this substance (see p. 75). 

Sodium perborate can be prepared by treating a saturated 
solution of borax, containing an equivalent quantity of sodium 
hydroxide, with excess of hydrogen peroxide. The salt sepa¬ 
rates out as large transpshent crystals of NaBOj. 4HjO. 

NajBiOj + 2NaOH + 4HjiOa 4NaB03 + sHjO 

Sodium perborate. 

Perborates can also be obtained by the electrolysis of a 
concentrated solution of borates, and this method has been 
patented as a manufacturing process. 

In aqueous solution sodium perborate behaves like a 
mixture of hydrogen peroxide and borate. 

At ordinary room temperature the solution is fairly stable, 
but Oxygen is liberated by boiling, or by acidifying the solution. 

2NaB03 2NaB02 + 0 ^ 

2 NaB 03 + H2SO4 T 2H2O lyhjSOi + 2H3BO3 + Oj. 

The bleaching action of the perborate therefore depends, 
as in the case of hydrogen peroxide, on the liberafion of 
“ available oxygen ”. 

2NaB03.4H2O 2NaB02 + O2 + SHjO 

' # 

2 X 154 32 

77 8 

The equatiop shows that 77 parts of crystalline perborate 
yield's parts of available ojJygen, and are therefore equivalent 
to 17 parts of hydrogen peroxide (see p. 142). 

Quantitative Analysis of Sodium Perborate. 

The formula of sodium perbopta may be conveniently 
expressed as . * 

2^NaB03. 4H2O or Na20. B2O3. O2. SHgO 
axJ 54 \ 62 70 32 

'154' 31 35 
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The NajO and BjO, m&y be determined as described 
under borax (see p. 39), and 'he available oxygen by one.pf 
thi. methods described undur hydrogin peroxide (see pp. 

143-145)- 

The formula shows that as regards its content of NajO 
and BjOj, a decinor'nal solution of the perborate should con- 
tainp 15 "4 gms. per litre. 

Since, however, the substance is not very readily soluble in 
water to this extent, a solution containing 10 gms. per litre 
may be used, or if the titrations are carried out with twentietn 
normal solutions, a solution of half this concentration may be 
employed. 

As regards its oxidising action, since 15’4 parts 
NaB03.4H20 yield i-6 parts available oxygen, or 7-7 parts 
NaBOj. 4 HjO yield 0 8 parts available oxygen, a decinormal 
solution of the perborate should contain 77 gms. per litre of 
crystalline perborate. * 

It is important to remember, however, in making a deter¬ 
mination of available oxygen that the solution must be pre¬ 
pared in the cold, since oxygen is evolved on heating, and as 
the process of solution is slow under these conditions it is 
advisable to work with a more dilute solution of the perborate, 
i.e. about 5 gms. per litre (see also p. 150). 

If the nitrometer is used, considerations similar to those 
given on page 147 show that the quantity of perborate used 
should not exceed 0'2 gm. 

Examination, of Preparations Containing Sodium Per¬ 
borate (Perborin Products). 

Sodium perborate possesses the advantage that it can be 
incorporated with soap and washing powders, and several 
preparations of,^his kind containing soap, sodium carbonate, 
sodium silicate and sodium perborate are now on the market, 

These preparations are sold wholesalofinder the il&me o1 
“ parborin products,” “ Perborin ” itself being sodium per¬ 
borate, and “Perborin M” a mixture of soap, alkali and 
sodium perborate, which can be used as a combined washiag 
and bleaching agent. 

The general mAhod of examiniifg such preparations has 
already been ^escribed under soap powders, but in the case ol 
perborin products special attention should be jpaid to the<ie- 
tection and determination of the perhrorate. 



ISO*’ APPLIED CHEMISTRY * 

' The presence of perborate nky be detected in the following 
manner:— i 

I. Examine for the Preseme of Botrate (see p. 35).—The 
‘presence of fatty acids will not interfere with the tumeric 

test for borate, but precipitation tests with silver nitrate, etc., 
cannot be carried out in the presence of |oap (see p. 64). 

II. Examine for the Liberation of Available Oxygen.-^-To 

portions of the solution acidified with dilute sulphuric acid 
jdd :— • 

{a) A few drops of potassium iodide solution ; the liberation 
of iodine, as shown by the production of a blue colour on ‘the 
addition of starch paste, indicates the presence of available 
oxygen. i 

NaBO^. 0 + 2HI -» NaBOj + H.p + I^ 

Perborate. Metaborate. 

(b) A few drops of a dilute solution of potassium per¬ 
manganate. In the presence of* available oxygen the per¬ 
manganate will be decolorised and oxygen liberated. 

SNaBOj. 0 -I- KjO . 2MnO . 5O -1- sH^SO, 

-i-KaSO^ + 2MnS04 + sHjO -1- sNaBOj -1-SO^. 

The sodium metaborate thus produced will be converted 
into‘orthoboric acid by the excess of sulphuric acid. 

2 NaB 02 + H5SO4 -I- 2H2O NajSO^ -1- 2H3BO8. 

Determination of Sodium Perborate in Perbofin Products .— 
In the absence of other oxidising agents, a determination of 
available oxygen may be taken as a measure of the amount of 
perborate present in the preparation, on the basis that 0 8 gm. 
of available oxygen corresponds to 77 gms. of perborate. 

This is the most convenient method of determining the 
amount of perborate in preparations containing perborate and 
other alkaline substances, e.g. sodium carbonate, soap, etc. 

The available oxygen may be determined by direct titration 
with ^cinormal pOTmangaftate ; the nitrometer should not be 
used if the mixture contains sodium carbonate owing to the 
liberation.of carbon dioxide on acidifying. 

• < ' Since the amount of perborate in such preparations is often 
relatively small and may vary considerably in quantity, difficulty 
is sometimes experienced in preparing a* solution pf suitable 
strength for titration ; to obviate this the following method may 
ba employed:— 1 

Fill a wig'hing botVIe about two thirds full of. the finely 
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powdered substance • and vAigh. Add 50 c.c. of dilute sul¬ 
phuric acid to 200-300 c.a of distilled water in a large b^ker. 
Ctrefully shake a litUe of th powder i*to the acidified water, 
stir well with a glass rod, and run in decinormal permanganate 
from a burette until a faint permanent pink colour is obtained. 
If only a small vortyne of permanganate is required to reach 
this end point, shake in a little more of the powder, stir well, 
and repeat the process until the volume of permanganate added 
is not less than 9-10 c.c. 

Reweigh the bottle and its contents, and so obtain tfie 
weight of the substance used in the determination. 

The method of working is shown in the following ex¬ 
ample :— 

Example. 

A washing powder containing perborate gave the following 
results on analysis:— 

Weight Tjf weighing bcrttle and powder =19763 gms. 

1> >J )} » J> JJ 

after experiment = I7‘62g gms. 

Weight of powder used = 2-134 „ 

Volume of decinormal permanganate used = 9-8 c.c. 

I c.c. of N/io KMnO^ = 0-ooo8 gm. available oxygen 

= 0-0077 „ NaBOj. 4H2O (see 

p. 149). 

Hence 

2-134 gms. of powder contain 9-8 x 0-0077 gn'®- perborate. 

Or 100 gms. of powder contain 9^x0 0077 ^ 

2-134 

= 3-57 

The powder contains 3-57 per cent, of perborate. 

Use of Sodium Perborate for Bleaching Purposes. 

In using s(fcium perborate as a bleaching agent in laundry 
work, acetic acid is usually addod to facijitate the libiration of 
tljp oxygen (see p. 148); this also render^ the substance more 
readily soluble. 

Since 77 parts NaBO,,. 4H^0 are equivalent in oxidising 
• * 

* These preparations ye usually sold in the form of a powder, but are 
sometimes mixed with*svater to*form a paste,* 

In tlfti latter case some of the substance should be transferred to a small 
beaker provided '^ith a short glass rod, and the beaker, rod and contents weighed. 

Portions of the mixture can then be deuched by means of the r^ and 
mixed with the acidified water, WHtn a suable voluma of 
been added the^e^ker, rod and contents ar^eweighed. 
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power to *17 parts HjOj (see (p. 148), a solution of sodiiin* 
perjjorate, equivalent in oxidisuig or bleaching power to the 
dilufe hydrogen perofcide solution (o‘3 per cent.) describeion 
•pjge 146, will be obtained by mixing 77 x = I3"5 gms. of 
peijaorate with 1000 c.c. of water, and adding;, dilute acetic 
acid until the solution is just acid. 

This solution may be used in the same manner as,.the 
hydrogen peroxide solution. 

i 

fOTASSIUM PERMANGANATE (IN CONJUNCTION WITH OTHER 
REAGENTS). r 

Potassium permanganate is not usually regarded as a bleach¬ 
ing agent; it may, however, as described originally by Hartley, 
be effectively employed in conjunction with other reagents for 
the removal of stains. 

In acid solution potassium permanganate decomposes in 
the presence of oxidisable materia'i, the reaction being repre¬ 
sented thus:— 

KjO. 2MnO . 5O + 3H2SO4 -» K.4SO4 + 2MnS04 + SO. 

Such a solution is frequently used as an oxidising agent) 
but i!> unsuitable for bleaching purposes, owing to the presence 
of free sulphuric acid. 

In neutral solution'potassium permanganate reacts with 
oxidisable matter, the reaction being represented thus :— 

KjO . 2 Mn 02 .3O + H^O ->*2KOH + 2 Mn 02 + 3 ^- 

ICgMUgOg ' 

Such a solution may conveniently be used for bleaching 
purposes, if the manganese dioxide, which is formed during the 
reaction and deposited on the fabric in a hydrated form, is 
afterwards removed by some suitable reagent. 

The reagents which may be used for this purpose are dilute 
solutions of the following;— 

Sulphurous acid ; Hydrogen peroxide, acidified with acetic 
acid ; Oxalic acid containing a little acetic acid. 

' . The reactions of these substance^ with'managanese dioxide 
can be represented by the following pquations:— 

Sulphuious Acid. 

MnO .0 + HjSOs -> MnO + H2SO4 -> MnS04 + HjO 

’ MnOo ' Manganese sjilphate 

' Bfownr " (colourlesj iij dilute solutionjw 
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Hydrogen Peroxide and Acetic Acid. 

MnO . O + H20. 0 + 2CHICOOH MnO + aCHjCQDH 
+ Oj.+ HjO h (CHaCOO)2Mn + Oj + «ijC 
Manganese acetate 
(colourless in dilute solution). 

Oxalic Acid and Acetic Acid. 

MnO.^OI + COOilii + 2CH8COOH 

“ I M 

COOjHj 

-»MnO + 2 CH 8 CObH + H80 + 2C0j 
-»(CH3COO)2Mn + 2 HjO + 2CO2. 

Manganese acetate. 

Of these substances, sulphuroiKi acid is the most rapid in 
action, and it may be satisfactorily employed for cotton and 
linen fabrics. It should, however, be borne in mind that any 
excess of sulphurous acid left in the fabric is liable to become 
oxidised bjT the air to sufphuric acid, and it is necessary to 
wash the material thoroughly after such treatment (see p. 107). 

For the same rea.son, it is not advisable to use sulphurous 
acid in the case of wool or silk, but a dilute solution of hydro¬ 
gen peroxide acidified with acetic acid should be substituted. 

A dilute solution of oxalic acid containing a little acetic 
acid may also be used, but is slow in action, and difficulty 
may be experienced in removing the last traces of manganese 
dioxide with this reagent. 

Method of Bleaching with Potassium Permanganate 
followed by (a) Sulphurous Acid, (b) Hydrogen Per¬ 
oxide and Acetic Acid. 

(a) Si^lphurous Acid (Cotton and Linen).—Bleaching by 
this method may be carried out in the following manner:— 
Steep the fabric in a solution containing i part of solid 
potassium per*ianganate in 160 of water (or i oz. per gallon) 
for a few minutes, until a definilf brown cokiur has been pro¬ 
duced. Wash thoroughly with water, ^d whilst still wet, 
pl 9 ce the brown fabric in a solution of sulphurous acid con^* 
taining 2-3 per cent, of sulphur dioxide (see p. 1^6). Leave 
the fabric in the solution uptil the brown colour has disappeared. 
Wash thoroughly in watQr, and if the colour has not been com¬ 
pletely lemoved, repeat the process (see p. 161). Finally, 
wash with seap and water, and r,inse in the usual manner. 

{b) Hydrogen Peroxide (Silk and Wool).—V^Tool anch silk* 
take up* perpinganate more reayy than lineti and cotton. 
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aftid the permanganate solution I'lsed in (3) may with advant^ 
agc,be diluted with an equal Jjlume of water, for use with 
wool or silk. 

• , Proceed as described in (a), but substitute for the sulphur¬ 
ous acid solution a dilute solution of hydrogen peroxide acidi¬ 
fied with acetic acid, and prepared as described on p. 146. 

If the above directions are carefully carried out, this meirfiod 
will be found a very useful one in laundry practice. ' It is not 
quite so easy to apply as a chlorine process, but the risk of 
damaging the fabrics is much less. 

It may be noted that the action of the permanganate is a 
selective one, and an organic stain, particularly on linen or 
cotton, becomes brown sqqic time before the rest of the fabric 
is much coloured. On removing the fabric from the solution, 
it will be observed that the region of the stain is much darker 
in colour than the surrounding fabric. 

If no such selective action is' observed, there has, in all 
probability, been no reaction between the colouring matter and 
the permanganate, and the stain is therefore one that cannot 
be satisfactorily dealt with by this method. 

Bleaching by Reduction. 

As a rule, bleaching by reduction is less permanent than 
that brought about by oxidation, since the colour is liable to 
return to some extent on exposure to light and air, and often 
returns when the bleached material is treated with soap or 
alkali. The action of light is to favour the absorption of, 
oxygen from the air, and to restore the reduced compound to 
its original condition. 

The most important reducing agents used for, bleaching, 
are the following :— 

Sulphur dioxide, or sulphurous acid, sodium metabisulphite, 
sodium hydrosulphite (sodium hyposulphite), titanous chloride 
(“stripping salts*’), stannous,chloride. 

SULPHUR DIOXIDE AND SULPHUROUS ACID. 

Bleachfhg may be effected either by gaseous sulphur di- 
cfcflcfe or by an aqueous solution of the’gas. In either case 
the bleJching action is dqe to the ojiidatioq of sulphur dioxide 
to sulphuric acid, in the presence of water, the hydrogen, which 
is liberated in the nascent condition, reacting with the colour- 
ing*matter {o fi^m a colburless. substance. 

* SO2 + 2^,0 H.,S 04 + H,.. . 
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If gaseous sulphur dioxlie is to be used as the bleaeh<j- 
ing agent, the moistened fabric is exposed to the fumft«^ of 
tmrning sulphur. 

S + 0 , -> SO,. 

The reagent is more usually employed in the form of an 
aqueous solution ; fuch a solution may be prepared by acidi¬ 
fying a sulphite with sulphuric acid, or by pa.ssing sulphur 
dioxide^ into water until a saturated solution is obtained. 

• This latter method is more sati.sfactory from the pointy of 
view of bleaching, since, with a freshly prepared solution, the 
presence of any free acid, other than sulphurous acid, is 
avoided. The amount of sulphur dioxide present in such a 
solution can readily be determined^by direct experiment. 

Determination of Sulphur Dioxide. 

If excess of iodine is ^dded to a dilute solution of sulphur 
dioxide, the following reaction takes place:— 

SO, + I, + 2H.p-^2HI + H2SO4. 

This reaction can be utilised for the quantitative deter¬ 
mination of sulphur dioxide. It is, however, important to 
remember that the above reaction is of the nature of a rever¬ 
sible reaction, and does not take place quantitatively^ unless 
the solutions are sufficiently dilute. 

In concentrated solution, sulphuric acid and hydriodic acid 
mutually decompose one another, the reaction going in the 
revarse direction, thus:— 

2HI + H,,SO, -» I, + H2SO3 + H2O. 

If the .strength of a saturated solution of sulphur dioxide 
is required, the solution should be diluted i part in lO, and 
the determination may then be made in the following 
manner:— 

Carefullyideliver 10 c.c. of the dilute sulphurous acid solu¬ 
tion into 25 c.c. of decinorma^ iodine, keying the end of the 
pipette just below the surface of th^Hodine solution, thus 
avoiding any loss of sulphur dioxide on mixing. 

Should the iodine become decolorised duritl^ this opera¬ 
tion, the experimAit should be repeated, using 50 c.c. 6f*dbci- 
normal iodine, qr a* portion of tlje sulphurous acifl solution, 
may be diluted to a known volume with water, and 10 c.c of 
diluted soktion used for the determination. 

* For this purpose a siphon of liquid j^lphur dioxiile i» convenient. 
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. ‘ Deterihine the amount of iodjme present in the solution by^ 
titK'tion with decinormal thiosuljyhate (see p. 137). 

"Tne difference betA^een the amount of iodine added, and 
that left in the solution, gives a measure of the sulphur di¬ 
oxide present. 

From the equation— , 

H2SO3 + I2 + HjO H2SO4 + 2HI 
HjO. SO2 

64 2 X 127 

32 127 

it is seen that 32 parts of SOj react with 127 iodine, and 
since i c.c. of N/io thiosulphate == 0-0127 gm. iodine, there¬ 
fore I c.c. ,, = 0-0032 „ SO2. 

Hence for each c.c. of decinormal iodine used up, 0-0032 
gm. SO2 was present. 

Example. —A solution of sulphurous acid was diluted i in 10. 

Ten c.c. of the diluted solution were added to 25 c.c. of 
iodine solution (N/io approx.) and the excess of iodine was 
found to be equivalent to 10-3 c.c. of N/io sodium thio¬ 
sulphate solution (Factor = i 02). 

Twenty-five c.c. of the iodine solution were found-by 
experiment to be equivalent to 24-8 c.c. of N/io thiosulphate 
(Factor = 1-02). 

The sulphur dioxide ^present in 10 c.c. of diluted solution 
is thus equivalent to (24-8 - 10-3) x i 02 c.c. N/io'thiosulphate 

= 14-5 X I -02 C.C. „ ,,, 

= 14-5 X 1-02 X 0-0032 gms. SOj. 

Therefore 100 c.c. of the diluted solution 

= 14-5 X 1-02 X 0-032 gm. SO2 
= 0-473 gm. of SO2. 

Or, too c.c. of the original solution contain 4-73 gms of S02- 

The Use'of Sclphurous Acid as a-Bleaching Agent 

For bleaching purposes a solution containing from 2-3 per 
cent, of sulphur dioxide may be used. 

. A® already indicated (see p. 155) such, a solution is best 
preparfed by passing sulphur dioxide gas into water; it is 
obvious, however, that in this case it is difficult to determine, 
except by experiment, the amount of sulphur diojyde present, 
?hd if should'also be noted that the solution is unstable and 
■will lose sulphur dioxide oV) keeping. 
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If water is saturated withithe gas at room temperature a^ 
used immediately, it may be'diluted with an equal volum^rof 
water for bleaching purposes; this as a rule gives a solU-Lion 
of about the required strength. 

If convenient means of generating sulphur dioxide ,gas 
are not available, a' solution of sulphurous acid for bleaching 
may be prepared by dissolving lOO gms. of sodium sulphite 
(NajiSOs*. 7H2O) in a litre of water to which 20 c.c. of concen¬ 
trated sulphuric acid have been added ; * but in this case special 
care must be taken to rinse the fabric thoroughly before dic¬ 
ing (see p. 107). 

Sulphurous acid is most effective when used in conjunction 
with potassium permanganate (see p. 153). 

SODIUM METABISULPHITE AND SODIUM HYPOSULPHITE. 

These liubstances are occasionally used in laundry work 
for the removal of stains, liut their use is chiefly confined to 
the “ stripping ” or bleaching of articles which are to be sub¬ 
sequently dyed. . 

Sodium Metabisulphite or Sodium Disulphite, NajSjOn, 
is obtained by supersaturating a solution of caustic soda with 
sulphur dioxide, 

2NaOH -f 2SO2 -> Na^S^Os + H^O. 

Na'^SoTsOj 

It decomposes gradually in the air, taking up oxygen and 
• giving off sulphur dioxide, 

3Na2S.,05 + 0 ,-^ 2Na2SO, -f 250 ^. 

Its bleaching action is similar to that of sulphur dioxide. 

Sodium Hyposulphite or Hydrosulphite (Na-^SjOJ. 

This compound should be carefully distinguished from 
sodium thiosulphate, which is sometimes incorrectly 

described as sodium hyposulphi?e. The^t^iosulphateygives off 

* NajSOj. 7 HjO + HjSOj NajSOj -I- 8HjO -I- SO^ 

252 98 

126 . ^ 49 32 

100 ICO = 38-8. fgXioo = *6-o 

Thusttoo gma. of Na,S0,.7H,0 require 38-8 gma. H,SOi and yield 26 
gm8.ofSO,. , , 

Sinqe ap. gr. H,SO.= rS, 38-^ gma. ^ ^ S c-c* Exceaa .f acitf 

ihould be*avoidfd^Bo 20 c.c. may be added^ 
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.-'’irlphur dtoxide on treating with^an acid, but is not by itself a^ 
blayjhing agent, 

NajS^O, + 2HCI = 2NaL;i + HjO + SO^ + S. 

^inc dissolves in sulphurous acid without the, evolution of 
hydrogen, and it may be shown that the'following reaction 
takes place;— 

2H2SO3 + Zn = ZnS204 + 2H20. 

Zinc hyposulphite. 

' If a strong solution of sodium acid sulphite is shaken with 
zinc, and sulphur dioxide passed into the mixture, the corre¬ 
sponding sodium salt is obtained, thus:— 

2NaHS03 + SO2 + Z|n ->■ Na2S204 + ZnSOj -n H3O. 

Sodium hyposulphite. 

The zinc may be removed by the addition of excess of 
lime, and the sodium salt crystallised from the solution as 
Na2S204.2H2O. 

The hyposulphites are strong reducing agents; both in the 
solid state, when moist, and in aqueous solution they rapidly 
absorb oxygen, and become converted into metabisulphites, 
which are further decomposed as shown on page 157. 

2 Na 2 S 204 + O, 2 Na 2 S 205 . 

Hyposulphite. Metabisulphite. 

The hydrated salt Na2S204.2H20 is unstable, but on 
boiling with alcohol the water of crystallisation is removed, and 
the anhydrous salt (Na2S204), which is moderately stable, is 
obtained. This salt is sold under the name “ Hydrosulphite,” 
and the preparation usually contains about 90 pe,r cent, of the 
hyposulphite. 

Other preparations sold under such names as “ Rangalite ” 
and “ Hydraldite ” contain hyposulphite combined with formal¬ 
dehyde. They are stable under ordinary conditions, but are 
decomposed by steam and the hyposulphite liberated. 

For tvleaching purposes a i per cent solution of the hypo¬ 
sulphite may be employed, and is sometimes used in laundry 
practice for bleaching fabrics which have been over-blued with 
methylene blue (see p. 167), this colour being difficult to remove 
by bliier, methods. 

STANNOUS CHLORIDE AND TITANOUS CHLORIDE. 

t 

1, Tihese substances, like .the sglphur compounds jnst dealt 
with, are chiefly Employed\pr the removal of colouring matter 
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4:om fabrics previous to dyein|, and are only occasionklly used 
in laundry practice. ' 

»Titanous chloride jJTiClj) is sold in the form of a concen¬ 
trated solution under the name of "stripping salts" though., 
some preparations thus described contain chiefly stanngus 
chloride (SnCl^) which is less powerful in its action* 

Jn the case of tftanous chloride a yellow stain may be 
formed on the fabric, and in order to prevent this, hydrochloric 
acid,is usually added to the stripping solution, or to the first 
rinsing water. ’’ 

• “ Stripping salts ” and stannous chloride require careful 
handling if damage to the fabric is to be avoided, and should 
only be used when less drastic methods have been tried and 
failed. ' 

NOTES ON THE REMOVAL OF STAINS FROM TEXTILE 
FABRICS. 

It is extremely difficult to give any precise directions for 
the treatment of the various stains likely to be met with in the 
ordinary course of laundry work, since the method to be em¬ 
ployed depends, not only on the nature of the stain, but also 
on the nature and colour of the fabric on which the stain occurs. 
Each stain really requires to be dealt with individually, 
but some of the more important factors which should be taken 
into consideration in dealing with stains on textile fabrics may 
be briefly discussed here. This will also serve to indicate the 
general lines on which a suitable choice of method may be 
made, and the precautions which it is necessary to take in 
order to avoid injury to the fabric or to its colour. 

Nature»of the Stain .—Any colouring matter deposited'on 
a fabric, other than that intentionally added as dye, may be re¬ 
garded as a stain. Hence the stains met with on fabrics are 
extremely vari^ in character. Some of the more frequently 
occurring stains and the reagenta which may'’be employed for 
their removal are dealt with later (see p. 102). 

Nature of the Fabric .—As already indicated (see Textile 
Fibres) vegetable fibres (cotton, linen) are not so injuriously 
affected by the use of bleaching agents as animal fibres (wobl, 
silk); linen, it shoiild Be remembered is more readily attacked 
by oxidi^ng agents than cotton (see p. 124). 

Solutrdn^containing mineral •acids should not be used for 
wool and silk, and if used for cotton and linen special dare 
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-liquid taken to ensure the cdjpiplete removal or neutralisa^ 
twivof the acid before drying thfc fabric (see p. lo^). 

'll an acid bath ii necessary, acetic pcid should be used 
where possible. Chlorine bleach should not be used for wool 
or -silk. Other oxidising agents, e.g. hydrogen peroxide, 
sodium perDorate, etc., maybe used for these fabrics, or potas¬ 
sium permanganate, followed by hydrogen peroxide (see p. I f 3), 
may also be employed. ' 

Colour of the Fabric *—In the case of coloured articles, if 
a' sample of the material is available for the purpose, a trial 
experiment should be made with the bleaching agent to fee 
employed, in order to see if the colour of fabric is injured by 
such treatment. 

I* 

It is important to bear in mind that animal fibres (wool 
and silk) dye more readily than vegetable fibres, and that dyes 
are as a rule faster on wool and silk than on linen and cotton. 
Hence reagents which will remove' stains from wloured wool 
and silk without injury to the colour, may completely destroy 
the colour of cotton goods, e.g. dilute potassium permanganate 
followed by hydrogen peroxide has usually little or no’effect 
on coloured wool and silk fabrics, whereas coloured cotton 
goods are often completely bleached by the action of these 
reage.its. 


General Method of Procedure.. 

Preliminary Treatment .—In the case of “ washing fabrics," 
the stain should be dealt with before washing with soap and 
water in the usual manner, as this process may in some cases tend 
to fix the colour on the fabric Cotton goods which are heavily 
dressed with starch, etc., should be treated with i lukewarm 
water to remove as much of the dressing as possible before 
applying the bleaching agent. (The starch may also be re¬ 
moved by treating with dilute malt extract, see Vol. II.) 

In o-’ses where they are a^ all likely to be effective, simple 
remedies should bd tried first, before resorting to the use of a 
bleaching agent; e.g. tea stains, fruit juice stains, etc., especially 
if fresh, can often be removed by sponging with lukewarm 
water qr water containing a little borax. 

. I . 

*fti>lour of the Fabric .—These remarks are based chiefly on observatir^ 
.^ade on colourfd fabrics obtained before the war. At the present time manvitt 
' the tfires are more fugitive than formerly, and coioured fabrics need to be hanqm 

great cautfoi.. 'This state o{ affairs is, however, probably only iemporsuy. 
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If the article is such that if cannot subsequently Be waslmd*" 
as a whole with soap and water, it is advisable to use soft w,'.ter, 
as 'it is less likely to leave a mark on drying. * 

The Use of Bleaching Agents .—Methods of preparing soki- 
tions of the viarious bleaching agents of suitable concentration 
for laundry work, ajid the precautions to be taken in using 
such solutions have already been dealt with individually (see 
pp. 138-158). 

^ihe following general observations will serve to emphasise 
some of the more important points. 

Prolonged steeping in the bleaching solutions is to be 
ivi oided, except in the case of dilute solutions of hydrogen 
I'eroxide (see p. 146). ^ 

After steeping for a few minutes in the bleaching solutions 
the fabric .should be thoroughly rinsed with water. The treat¬ 
ment with the bleaching agent may then be repeated, two or 
three times'^Tf necessary, ‘rinsing with water between each 
treatment, until the stain is removed. 

In this manner stains can be more rapidly and effectively 
renloyfed than by prolonged treatment with the bleaching 
solution, and the risk of damage to the fabric is considerably 
less. 

Finally, the article should be washed with soap and v ater, 
again rinsed, and dried. 

Bleaching agents will sometimes remove most of colouring 
matter of a stain, leaving a slight colour or mark which does 
.not yteld to further treatment with the bleaching solution. 
These marks will, in many cases, be found to disappear com¬ 
pletely during 'the subsequent washing with soap and water. 

Hence if a stain is found to be only partially removed aiiber 
several treatments with a bleaching agent, it is advisable to 
try washing with soap and water before resorting to an alterna¬ 
tive method ofi)leaching. 

Though it is impossible to predict exactly the effect which 
a bleaching agent will have on any particular colour of fabric, 
solutions of bleaching agents, if prepared and used with all • 
necessary precautions, in the manner described ifl the fore¬ 
going pages, may as a general rule be emplpyed under'tke 
following conditions , 

Bleaching agents which may be used for;— 
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White. Coloured* 

^Cotton and Linen. 

^ 11 . Hydrogen peroxide or 

sodium perborate. 
Acids, e.g. oxalic, citric, 
ett, for iron stains. 


Silk and Wool. 


Hydrogen peroxide, 
perborate, etc. 

Potassium permangan¬ 
ate followed by 
hydrogen peroxide 
and acetic acid. 


Hydrogen peroxide, 
perborate, etc. 
Usually potassium per¬ 
manganate fol¬ 
lowed by hydrogen 
peroxide and acetic 
acid — colour 
. should, if^possible, 
be tested. 


COMMON STAINS. 

Vegetable and Fruit Juice Stains are often removabl 
by water, or water containing a little borax or ammonie 
If these fail, a dilute solution of an oxidising agent may b 
tried. The oxidising qgent should be selected with referenc 
to the nature and colour of the fabric (see above). 

Tea, Coffee, Cocoa, etc.—Proceed as above. Iij som 
cases, especially if milk is present, a greasy mark may be left 
this can usually be removed by washing with soap and watei 
pr one of the methods described under Dry-cleaning may b 
employed (see p. 175). ' ; 

Iron Stains usually occur in the form of ferric oxide c 
“ iron mould,” and may be produced by the presence of iro 
in the water, or ip parts of the machinery with which the fabric 
come is contact, an^ also b^ the decomposition of unsuitabl 
laundry blues, i.e.'Tjlues containing Prussian blue (see p. l66) 

Inks also usually contain iron salts (see p. 163), an 
jroB mould may be produced by the partial decomposition « 
tfcese qpmpounds during the process of washing. Iron moul 
is usually removed by treatment ^^^th an ttcid, the iron bein 
thereby converted into a soluble salt Solutions'* of oxal: 

* See note* p. i6o. 
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'fccid, potassium acid oxalate (salts of sorrel or salts (jj iemot\^)" 
citric acid (or lemon juice), are most |;enerally used fyr this 
purpose. • * 

Since the iron is already in a fully oxidised condition; ft 
is useless to try oxidising agents, but reducing agents, by Jon- 
verting the iron to Jhe ferrous condition, will often facilitate 
itsTemoval by an acid. 

A solution of oxalic acid (up to 10 per cent.), containing a 
littte sulphurous acid, generally gives satisfactory results. T|)e 
action is rather slow, but may be hastened by warming. 

Ink Stains. — Writing Inks vary considerably in character, 
but mostly contain iron salts of gallo-tannic acid, with or 
without added colouring matter ani^ gum. 

The various methods advocated for the removal of ink 
stains depend either on: (i) dissolving out the iron compound 
with a suitable acid (as described under Iron Stains); or (2) 
on the use Sf a bleaching agent. For this purpose, potas¬ 
sium permanganate, followed either by sulphurous acid or 
hydrogen peroxide, may be conveniently employed. 

Method (2) is more rapid in its action, and generally more 
satisfactory than method (i); it cannot, however, be employed 
for coloured cotton materials (see p. 160). 

Red Inks were at one time prepared from a decoction of 
Brazil wood, or sometimes from cochineal (see “ Colouring 
Matters in Foods,” Vol. II.), but thesfe colouring matters have 
now been almost entirely displaced by preparations of aniline 
dyes,*e.g. eosin and Congo-red, and the stains produced by 
such inks are often extremely difficult to remove. 

Eosin marks, if quite fresh, can sometimes be removed 
by treating with ammonia, or a saturated solution of bofftk. 
Failing this, a reducing agent, e.g. sulphurous acid or sodium 
hydrosulphite, may be tried, since in some forms the colouring 
matter can balreduced by this means to a colourless leuco- 
compound. , • 

Congo-red can be distinguished from' other reds ty treat¬ 
ment with dilute acids which changes the colour from red to 
blue. * 

Treatment with reducing agents (hydrosulphite) will sonjfi- 
times remove the jtain, h|pt the colqur is often only partially 
removed* 

t 

* Potauium acid oxalate, KHC^O., an& potassium quadioxadate, 

KHCjO^. H.CjO^. aHjO, 
ire sold as salts ()f l^on or salts of sorrel,^ ■ 



i 64 


APPLIED CHEMISTRY 


Mark^.tg Inks. —Marking in\ts may be divided into twer 
classes: {a) those which require the application of heat to 
•bring up the colour; those which do.not require heati«g. 

■ Inks belonging to class (a) are usually solutions of an 
easily reducible silver compound, e.g. ammoniacal silver nitrate 
or tartrate, with a little added colouring ryatter. On heating, 
the silver compound is reduced, and fixed upon the fabria as 
a dark insoluble deposit. 

, Stains produced by such inks may be removed by paint¬ 
ing the stain with a solution of iodine (in potassium iodide), 
the silver is thereby converted into silver iodide, and tile 
iodide and excess of iodine can then be removed by treatment 
with a solution of sodiup thiosulphate. The reactions in¬ 
volved are as follows:— 

2AgI + 3Na2Sj03-» AgjSjOj. 2Na2S203 + 2NaI 

(Soluble double salt). 

Ij + 2Na2S203-> 2Na*I + Na2S4C/^.*’' 

Several treatments may be necessary for the complete re¬ 
moval of the stain, and sometimes a faint yellowish mark ig 
left; this mark can usually be removed by painting with a. 
dilute solution of potassium cyanide. 

If* preferred, potassium cyanide * may be used instead of 
iodine ; the silver is converted to silver cyanide, which is after¬ 
wards removed by thiosplphate. 

2AgCN + 3Na2Sa03-» AgjSjOj. 2Na3S203 + 2NaCN. 

Inks belonging to class (^) are usually preparatiohs of • 
aniline dyes, e.g. aniline black, obtained by the oxidation of 
aniline. Stains produced by these inks cannot 6e removed by 
th^above method, but are sometimes removable by,treatment 
with potassium permanganate followed by sulphurous acid or 
hydrogen peroxide. 

Scorch Marks are produced by the surface of the material 
becomirjg overheSted during dhe process of drying or ironing. 
Such marks are frequently dealt with as stains. It should be 
remembered, however, that scorching implies the burning or 
charging of*some of the surface fibres of the material, and that 
the retnoval of scorch marks entails the removal of the par¬ 
tially destroyed surface ftbres, and sot^iiqply the removal of 
colouring matter. 

« 

Owing tQ the poiBonouB nature of'this substance, great care must be ex* 
ereiKd in Us us^ ' 
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If somewhat extensive charring of the fibres^as taken 
place, it is impossible to remove the burnt or damaged fibres 
•without causing further injury to the faUric ; but if the cBavring 
has only been slight, and is entirely confined to the surfjoe 
fibres, the rjark will sometimes yield to suitable treatn*ent, 
e.g. washing with soap and water and gently rubbing. This 
is more particularly* the case with white linen or cotton goods, 
which may be safely boiled with soap and water for some time 
wiihout risk of injury to the fabric. 

Oxidising agents, e.g. hydrogen peroxide, perborate, etc., 
ave sometimes added to the soap and water, though it appears 
doubtful whether their addition facilitates the removal of the 
damaged fibres to any marked extent. 

Grease Marks, Paint, etc.—"rtiese marks are usually re¬ 
moved by one or other of the solvents used for “ dry-cleaning,” 
and are therefore dealt with in that section (see p. 175). 

Blue IMistrics.^—Whit* goods which have been washed 
several times in soap and water tend to become slightly 
yellowish in colour ; to counteract this effect, and restore the 
original white appearance, such articles are usually rinsed in 
water containing some form of blue colouring matter. 

If too much colouring matter is added the articles become 
stained with blue, or over-blued, and it then becomes netessary 
to remove the excess of colouring matter. 

The method to be employed depends on the nature of the 
“ blue ” used, and a brief description of colouring matters most 
commonly used in laundry “ blues ” may be given here. 

LAUNDRY BLUES. 

The principal colouring matters used for this purpose are 
the following :— 

Ultamarine, indigo or indigo^in, Prussian or Berlin blue, 
liquid or soluble blues. , 

Ultramarine or Lapis lazuli is an inorganic •colouring 
matter composed of a double silicate *of aluminium an(j 
sodium combined with sulphur. , 

The exact constitution of the compound has not yek Ij^en 
determined, but it jan be prepared artificially bji heating 
together clay, sothum sillphate, chkrcoal and sulphur. It is ' 
possible to obtain white and green- ultramarine as well as the 
blue variety, and a compound v 5 ry similar to ultramarin^ but 
containing cobalt, is sometimes sold as Ckimse^lue. 
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Ultrailijarine is not soluble Ih water, but if finely groundr 
suspends well in water, and articles steeped in this suspension 
.beconle evenly coated 'vvith blue. , . ' 

• , Ultramarine is readily decomposed by dilute acids, gelat¬ 
inous silica and finely divided sulphur being deposited and 
sulphuretted hydrogen evolved. 

Hence, if the material has become staitfed with ultramarine, 
the excess of colouring matter can be removed by treating 
with a dilute solution of acid, preferably acetic acid. c 
' Indigo or Indigotin, a dye formerly obtained from the 
juices of certain plants (Jndigofera), now prepared artifici¬ 
ally from naphthalene. 

Its constitution may be^ represented thus;— 




C,H / )C = C( 

Indigo. 


NH 


CO 




Indigo is insoluble, but can be suspended in water in the 
same way as ultramarine, and for laundry purposes it is gener¬ 
ally used in this form. 

On reduction indigo takes up two atoms of hydrogen, 
forming a colourless leuco-body, indigo-white. In alkaline 
solutions this substance is rapidly reconverted into indigo by 
atmospheric oxidation. , 

This reaction is made use of in dyeing with indigo, since 
owing to its insolubility in water it cannot be used directly in 
the dye bath. 

The dye is first reduced by .hydrosulphite -(see p. 157), 
ant|._the fabric then soaked in an alkaline solution of the 
reduced dye; on exposure to the air indigo is formed'and''fixed 
on the fibres. For this reason indigo is sometimes described 
as a '"developed dye ” or a “ vat-dye". 

Indigo-carmine^—lnAxgo dissolves in fuming sulphuric acid 
forming .indigo-sulphonic, or‘sulphindigotic acid, which is 
goluble in water, the sodium salt of this acid being sold as 
indigo-carmine. This substance may be used instead of indigo, 
but; the colours obtained are more fugitive. 

Indigo stains can be removed by treatment with a reducing 
agent, e.g. sulphurous acid'or sodium hydrostilphite, the indigo 
being thereby reduced to indigo-white. 

,, Pjussian or Berlin Blue {Ferric ferrocyanide) is sometimes 
used in laundijy blues, but is most unsuitable for this purpose 

it* , ‘1 • « 
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since it is decomposed bv alkalis with the formatioj/ of ferric 
hydroxide. 

• re;"(Fe(CN ),)3 + faNaOH 4Fe(0^)3 + 3 Na,Fe((?N),. 

Prussian blue. . 

Thus* 'Cabtics treated with Prussian blue are liable to 'de¬ 
velop iron stains, pafticularly if, owing to insufficient rinsing, 
they contain soap or soda when “ blued 

Iron stains produced by the decomposition of Prussian blue 
shohld be treated in the manner already described (see p. 
162). 

Prussian blue is insoluble in water, but like ultramarine 
and indigo it will suspend in water if finely ground. 

Liquid or Soluble Blues .—Bluta colouring matters which 
are soluble in water and used in the form of an aqueous solu¬ 
tion are sold as “ liquid ” or soluble blues. These preparations 
have the a4,v,antage over the insoluble colouring matters dealt 
with above, iT^that they give a more even colouring to the 
fabric. 

Liquid blues may contain indigo-carmine (see p. i66), 
but more frequently are solutions of aniline dyes, e.g. methyl¬ 
ene blue, and in the event of over-blueing with such solutions 
considerable difficulty may be experienced in remo"ii^ the 
excess of colour. Reducing agents should be tried (see p. 
158). 

Some of these blues also have fhe further disadvantage 
that an acid bath is necessary to set the colour on the fabric, 
with'the consequent possibility of damage to the fibres on 
drying. 



Chapter VI. 

DRY-CLEANING. 

I 

Dry-cleaning is a term used to describe the process of 
cleaning fabrics with certain organic liquids which act as 
solvents of grease. 

A considerable amount of the dirt, which adheres to the 
fabric by means of the grease, will be removed during the pro¬ 
cess, but the cleansing action depends essentially on dissolving 
out the grease. The solvent does qot penetrat^jssto the fibres, 
i.e. the fabric does not become “ wetted,” as in the ordinary 
process of washing, and dry-cleaning is seldom satisfactory in 
the case of really dirty articles. 

The colours of fabrics are, as a rule, quite unaffected by 
the solvents used for dry-cleaning, and the method is there¬ 
fore especially suitable for fabrics which are likely to be 
damaged or partially bleached by the ordinary prpcess of 
washing with soap and water. 

Most of the solvents which are used for dry-cleaning are 
immiscible with water, and fabrics which are to be dry-clganed 
should first be well dried and then freed as far as possible from 
loose dirt and dust. 

LIQUIDS USED FOR DRY-CLEANING. 

Theoretically, any liquid which has a solvent action on 
grease might be used for the purpose of dry-cleaning. 

In working or;^ a large scale, however, the choice of solvent 
is dependent on varjpus practical considerations. If an ex¬ 
tremely volatile solvent is used, i.e. a solvent with a very low 
Wling-poin}; (e.g. ether, b.p. = 36° C.), it is impossible to 
avpid a considerable loss of solvent by evaporation during the 
cleaning 4)rocess,'and the method is fherefore wasteful. If, on 
the other hand, a high boiKng-point sblvent is used, prolonged 
heating or “stoving ” is necessary to remove the last traces of 
jplvent from the goods. 

■fhe boili»g-ppint of the fclvent should lie preferably be- 

■ (1168) 
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• 

4ween 80° and 120° C., with as small a range of boying-poiftt 
as possible, since if the solvent tends to fractionate there will 
be,undue loss of the lighter fractions 9 y evaporation, whilst 
prolonged “stoving” will be necessary to remove the last 
traces ot the, higher fractions. 

For poetical purposes the principal solvents used for dry- 
cleaning may be divTded into two groups, those which are in¬ 
flammable at ordinary temperatures and those which are not. 

* Inflammable Solvents. • 

• In using these solvents all operations must be carried out 
well away from any flame or open light, and the bottles con¬ 
taining such solvents should be clearly labelled to indicate 
that the contents are inflammable. • 

Ether, Diethylether, CjHj. 0 . CjHj, b.p. 36° C., is frequently 
used as a solvent for fats, but is too volatile and inflammable to 
be satisfacte.'^.:^ a dry-clejning solvent. 

Benzxne, Light Petroleum, Petrol* is the solvent most ex¬ 
tensively used on a large scale. It is obtained by the fractional 
distillation of petroleum and is composed of hydrocarbons of 
the paraffin series of which heptane, C7H1,, is the chief con¬ 
stituent. 

Benzfne should be carefully distinguished from benz'cie or 
benzol (C^Hr,, see p. 170). 

Benzme is usually sold according, to its specific gravity, 
which should be 072-078, and this gives some indication of 
its nature, but it is necessary to point out the specific gravity 
only gives the average density of the paraffins present, and 
gives no indication as to whether the specific gravities and 
boiling-points of these paraffins vary only over a small range, 
or whether paraffins of low specific gravity and low boiU^- 
point are present, mixed with those of high specific gravity 
and high boili^-point. 

It is therefore advisable, in the case of ^ch a solvent, to 
determine the range of boiling-point of the solvent, as well as 
its specific gravity ; this may be done in the following manner:— 

To Find the Range of Boiling-point of Benzine {ot Petrol ).— 
Introduce about 50 c.c. of the solvent into a small dry distiHigg 
flask fitted with a cork and thermometer, and ‘add a few pieces 
of porous tile to pitvent Bumping. * 

Connect the flask to a water condenser, which by means of 

* See “ Chemistry of Petroleum,” fcy 'tinkler and Challenger (Croshy Bsek- 
wood & So.r) for list of trade names for petfoleum products* » * 
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ah adapt\'r and tightly-fitting corks, communicates with a filty 

flask (see Fig. lo). , , , . i -j j -f*, , 

•The side tube of tfne filter flask should be provided with-a 
rubber tube, by means of which any uncondensed vapour may 
b& led away to a level below that of the bench. , , • 

Support the flask over an iron tray, so that in case of an 
accident the spreading of the inflammable liquid will be pre- 

Cautiously heat the flask with a small flame • and not? the 
tfcmperature at which the liquid beghis to distil over. Con¬ 
tinue heating until nearly all the liquid has distilled over, cti 
note the highest temperature reached. 



'“‘if the liquid does not begin to distil over below* 8o°’C. and 
the highest temperature recorded is below 120° C., the solvent 
may be considered as suitable for dry-cleaning purposes. _ 
Commercial Benzene, or Benzol, (C,H, and homologues), is 
one of the products pf the distillation of coal tar, and consists 
essentially of hydrftcarbon C,H„ together with small quantities 
'of its homplogues (i.e. toluene, CjHjCHj, and o., m, and p. 


xylenes, C.H/CHj),). . 

Thq,boiling-t)oint of pure benzene is 8o° C. and its specific 
gravity at 15° C. =0-884. A go6d sample of commercial 
benzol should distil almost completely between 80 and 120 C. 


♦ In dealing with a solvent of ulknown corapoBition it is advisable to start 
the heating on &*vat*r bath, see p. ij-a. 
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fi^the case of the so-called go f(er cent, benzol, go pe^’ cent. oT 
the liquid distils below 100° C. 

• Benzene is a very.effective solvent fir grease, also fcfl- tar 
and paint, but its price has, until recently, prevented its more' 
extensive si?e gn a large scale. 

Non-Inflammable Solvents. 

TJre chlorine derivatives of some of the hydrocarbons also 
act as solvents for grease, and have the advantage that thejf 
are»not readily inflammable at ordinary temperatures. In 
most cases, however, they possess anaesthetic properties and 
therefore need to be handled with care, whilst some of them 
are liable in the presence of steam t& attack and corrode the 
metal work of the machinery with which they come in contact. 

Chloroform or Trichloromethane, CHClj, b.p. 6T C., sp. gr. 
at 15' C. =■ 

This substance can be used as a dry-cleaning solvent, but 
is unsuitable on account of its marked anaesthetic action. 

Carbon Tetrachloride orTetrachloromethane,CC\^, b.p. 76° C., 
sp. gr. at 20^ C. = I'593, may be used as a dry cleaning 
solvent, but its anaesthetic action and the fact that it is liable 
in the presence of steam to corrode iron, render it op*^ to 
objection. 

For reference to use of this substance in a fire extinguisher, 
see p. 264. 

Ethylene Trichloride or Trichloroethylene, CHCl: CCI3, b.p. 
87° C, sp. gr. 1-49 at 4° C. 

This substance is sold under the name of “ Westrosol," and 
appears to be specially suitable for dry-cleaning purpqjgj^ 
It has flight anaesthetic properties, but is without action on 
metals, and has the additional advantage that its cleansing 
action is not ir^riously affected by the presence of moisture 
in the fabric. The fact that it is composed ot one constituent 
of constant boiling-point, renders the loss by evaporatien con¬ 
siderably less than in the case of a solvent such as petrel, 
where a considerable loss of the low boiling-point constituents 
is unavoidable. , ^ 

Tetrachloroethane,C^,£\^, b.p. J35° C., sp. gr. at»ig° C. 
= 1-576.^ • * 

This substance is sold under the name of “ Westron". 
It dissolves fats and oils readily. Hut like carbon tetrachloride 
is liable to corrode iron in the prpence of steam* • This fact, 
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combineill with its relatively high boiling-point, renders it un¬ 
suitable as a solvent for ordinary dry-cleaning purposes. It 
may^ however, be used for the removal .of local grease marks, 
' etc. (see p. 175). 

EXAMINATION OF LIQUIDS SOLD FpR DRY-CLEANING. 

As a rule the solvent will be labelled as inflarhmable or 
non-inflammable, as the case may be. It is advisable.fhow- 
fever, in the case of liquids described as non-inflammable to 
check the accuracy of this statement by actual e.xperimenij 

Pour a few drops of the liquid into a porcelain dish, place 
the dish on a metal tray, and try to ignite the liquid with a 
lighted taper. 

If the liquid does not ignite, heat it gently on a water 
bath for a few minutes, and again try to ignite it. If the 
liquid fails to ignite under these conditions >*-KT 5 y be classified 
as non-inflammable at ordinary temperatures.* 

Examination of Inflammable Liquids. 

These will usually contain one or other of the inflammable 
solv&nts mentioned above. The more common solvents, e.g. 
petrol and benzene, are readily distinguished by their smell, 
and in most cases a determination of the boiling-point and 
specific gravity of the liquid will supply the necessary informa¬ 
tion as to its nature.f ' 

The specific gravity may be determined by means of a 
hydrometer or the Westphal Balance, J and the boiling-point 
«•«;; be found in the manner described on page 169. ^ In,dealing 
with an unknown solvent, it is advisable to start the heating 
on a water-bath, in case any low boiling-point constituents 
are present, and then to continue heating over a flame after 
having carefully dried the oufside of the flask. 

It if again neqessary to emphasise the fact that in carrying 
cflt experiments with these solvents, all possible precautions 
must be taken to avoid any po.ssibility of liquid becoming 
ignited. 


*-See 

+ For other distinguishing tests between petrol and benzene see ** Chemistry 
of Petroleum ’ ^ t 

•tFor a description of this baanoe see “Chemistry of Petroleum/’ by 
Tinkler and CHbMenger (Crosby Lockwood & Son). ^ 
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Examination of Non-inflammable Liquids^ 

These solvents should first be exami4ied for the presence 
^of chlorine, by one or* other of the tests usually appliec/ for 
the detection of chlorine in organic compounds, such, for ex«- 
ample, as fbllowing;— 

Heat a piece of tapper wire • in the edge of a Bunsen 
flame, until the green colour which is first imparted to the 
flame disappears. Allow the wire to cool, then dip it into 
the Iftjuid and again heat it in the flame. ^ 

In the presence of chlorine a blue coloration is produced, 
owing to the production and volatilisation of copper chloride. 

The specific gravity and boiling-point of the liquid should 
then be determined, when it will usually be possible to identify 
the liquid as one or other of the solvents mentioned above. 

If the liquid distils over a considerable range of tempera¬ 
ture, i.e. tbqjioiling-point is not coastant, it may consist of a 
mixture of two bP^nore solvents, and in this case it should be 
fractionally distilled. 

DRY-CLKANING SOAPS. 

Since the solvents used for dry-cleaning act only on grease, 
soap is sometimes added to them with a view to incre'*sing 
their cleansing power. It should be remembered, however, 
that soap dissolved in one of the.sc solvents is by no means 
such an efficient detergent as soap dissolved in water (see 
p. 8o).» 

The soap used for this purpose must be dry, or it will not 
dissolve readily in the solvent, and should not contain any 
free alkali either as caustic alkali or as alkaline salts (see p. 

Preparations of soap dissolved m one or other of the sol¬ 
vents mentioned above are sold as “dry-cleaning soaps” or 
“ dry cleaners "f 

A preparation known as "■ tetrapol" is cpmposed of soap 
dissolved in carbon tetrachloride, whilst “’miestropol" tontains 
soap dissolved in “ westrosol” (see p. 171). 

To Show the Presence of Soap in such preparations, the 
solvent-should be removed by evaporation, or distillation, "tlje 
residue dissolved in w^ter, and acid added to liberate Ae fatty 
acids. 

* A few strands of teased asbestos di|ped in powdered cooper oxide, and 
bound together by means of a wire, may SiiO be employed for this purpose in¬ 
stead of co|fper wire. 
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A qi^antitative experiment'may be made by weighing 
fatty acids obtained from a known weight of the substance. 

<• Examination of ihe Solvent. —The solvent may be separated, 
from the soap by distillation in steam (see p. 68). 

• The distillate should be separated as compl^ly as pos¬ 
sible from the water, dried over calcium chloride and redistilled. 

The boiling-point should be noted and the specific gravity 
of the distillate determined. From these data it is usually 

possible to identify the solvent. 

« 

+ +THE REMOVAL OF GREASE MARKS. 

In cases where dry-cleaning as a whole is not required, 
grease marks may be rerfioved by the local application of one 
or other of the solvents dealt with above. 

In order to prevent the spreading of the grease, the solvent 
should not be applied directly to the the fabric 

round the mark should first be saturated with the solvent 

An explanation of this method of procedure is afforded by 
a consideration of the phenomenon of surface tension as ex¬ 
hibited by liquid films. 

The superficial tension in a film of oil or grease is greater 
than that exhibited by petrol or benzene. 

Hence if the fabric round a grease mark is saturated with 
one of these liquids, tfre tension will be greatest in the region 
of the grease. The mixture of grease and solvent will be 
drawn towards the grease, and the grease will be forced to¬ 
wards the centre of the mark, where it can be absorbed by a 
layer of blotting paper or other absorbent material placed in 
^jntact with the fabric. 

If, on the other hand, the liquid is applied to the middle of 
the grease mark, the grease, followed by a mixture of grease 
and solvent, will spread out into the surrounding fabric, leaving 
the clean solvent in the centre. 

To demonstrate, the effect of applying the solvent directly 
to the grease mai^ the following experiment may be made;— 

Experiyient to Demonstrate the Effect of Applying the Solvent 
^inectly to a Grease Mark, —Carefully clean a white, flat- 
bottomed dish, e.g. a developing dish, and just cover the bottom 
with clean distilled water to which a fe\V drops of methyl- 
orange or other colouring matter have been added. Dip a 
gla^s rod into alcohol andi lightly touch the surface of the 
water in the dish with the rid. 
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The surface tension of wafer being greater than jthat of “a 
naixture of alcohol and water, the water ^oves away from the 
drop of alcohol on all .sides, dragging sorne of the alcohol’with 
it, with the result that a bare patch is formed and shows up* 
white in t^ rsgion where the alcohol was introduced. 

In a similar manner if a solvent is applied directly to a 
grease mark, a clean* patch will be left in the centre of the 
mark where the solvent was applied, but the grease will spread 
out into the clean portions of the fabric, leaving a greasy rim 
or mark round the edge of the region treated with the liquid. 

“These considerations will also apply to other solvents 
which may be used instead of benzene or petrol, and the 
following method may be employed for the removal of a 
grease mark with any of the usual‘dry-cleaning solvents;— 

To Remove a Grease Mark by Means of a Solvent, e.g. 

• , Petrol,.^Benzene, etc. 

Spread the fabric right side downwards on a pad of clean 
blotting-paper or rag. 

Apply the solvent with a piece of clean absorbent material 
or sponge, first to the fabric surrounding the mark until this 
is well saturated with the solvent, and then to the mark itself, 
working gradually from the edges of the mark towarrs the 
centre, and continue to rub gently until nearly all the solvent 
has evaporated. 

Repeat the treatment, if necessary, until the mark is com¬ 
pletely removed. 

To Remove n Grease Mark by the Application of Heat. 

Ii^jtead of using a solvent, grease marks can sometim^'-wbe 
removed by the application of heat, and here also the surface 
action of the grease film plays an important part. 

The surfac* tension of a film of grease decreases with rise 
in temperature, and if a hot irop is applied»to a grease mark 
on a piece of fabric, the grease will tend t(^ move avtay from 
the heated surface towards the cooler portions of the fabric. 
Hence to remove a grease mark by the application of heat 
proceed in the following manner :— 

Place the fabric right side downwards on a pad ofblotting- 
paper oi^ absorbent rag. Gently warm the surface of the 
material in tfee neighbourhood of the mark with a hot iron. 

The grease will be driven aij.-ay from* the htated suaface 
(ind will collectJn the absorbent {Tiaterial undenKhth, 



APPLIED CHEMISTRY 


i 76‘ 


Rei^oval of Marks made by Machine Oil, etc. 

, 11 grease mixed 4 ith a considerable amount of other dij_t, 
^e.g. machine oil, etc., is deposited on a Tabric, the marks'can- 
npt be satisfactorily dealt with by the methods described 
above, since the grease only will be affected by fhf^pplication 
of heat or of solvents. 

The method most frequently advocated for the removal of 
such marks is first to rub more fat or oil into the mark, to 
Inosen the cake of dirt, and then to remove both the grease 
and dirt by washing in a good lather of soap and water. ^ 

This process may, however, be modified with advantage by 
rubbing in oleic acid instead of fat or oil, the oleic acid being 
subsequently converted tt ammonium oleate by neutralisation 
with ammonia. 

In this manner ammonium oleate is formed in the fabric, 
a copious lather is produced, an^ the mark caa„ readily be 
washed out. 

To remove a mark made by machine oil, etc., proceed in 
the following manner :— 

Apply a little oleic acid to the mark, and rub it well into 
the fabric. Dip the material into a dilute solution of ammonia 
(ben?h reagent), rub gently until a good lather is obtained and 
continue to wash until the mark has completely disappeared. 
Rinse well in clean water and dry. 

Paint and Tar Marks. 

Either benzol or turpentine may be used for paint marks. 
For tar, benzol is the most suitable solvent. In order to pre- 
ueq^the spreading of the mark the solvent should in all cases 
be applied in a manner similar to that described'for 'the re¬ 
moval of grease marks. In all cases the mark should be re¬ 
moved as soon as possible. 
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AIR ANALYSIS, ETC. 

DETERMINATION OF AQUEOUS VAPOUR AND CARBON 
DIOXIDE IN AIR. 

In connection with all problems of ventilation, the deter¬ 
mination of the amount of aqueous Vapour and carbon dioxide 
in the air is of great importance. Various methods are adapted 
for the determination of these constituents of the air, the 
simplest in orir'-’Dle being«a method by which both constitu¬ 
ents are determined at the same time, by drawing a measured 
volume of air, by means of an aspirator, through U tubes con¬ 
taining pumice soaked in concentrated sulphuric acid, to absorb 
water vapour, and soda lime to absorb carbon dioxide. This 
method requires considerable time, and other methods which 
can be carried out more rapidly are described in detail later. 

The increase in the weight of the U tube containing 
pumice and sulphuric acid gives the weight of water vapour, 
and the increase in weight of the soda lime tube gives the 
weight of carbon dioxide in the volume of air which has 
passed through the apparatus. In the actual determination, 
precautions would have to be taken to prevent the absorption 
of water vapour from the aspirator by the soda lime or s.'il- 
phuric acid. 

The temperature and pressure at the time of the experi¬ 
ment are notq^ 

From the results of such, determinations the relative 
humidity of the air and the percentage by volume of carbon 
dioxide in the air are calculated as follows , 

Relative Humidity or Hygrometric S*ite of,the Air .— 
The relative humidity 

^ a mount of,water yapour in a, given volume of* air 
amount of water vapour in this volume of air if saturated 
f with aqueous vapour. ^ 

The weight of water vapour"m a given voluble of air Wy 
(177) ' . 12 



:78' APPLIED CHEMISTRY 

» determined, and the weight'of water vapour in this voluipe 
)f air, if Saturated with aqueous vapour, may be calculated. 

, Thus by noting tlie temperature at the time of the expert- 
nent, the pressure of saturated aqueous vapour at this 
:9mperature can be found on reference to tables. 

For example, if 30 litres of air were drawn through the U 
;ubes, in 30 litres of air saturated with Water vapour^at i C. 
since the tension of saturated aqueous vapour a’t 15^ C. 
= 13 mm.) there are 30 litres of aqueous vapour at i c C. 
end 13 mm. pressure. 

At 0" C. and 760 mm. this = 30 x x litres. 

From the relation 22-4 litres of aqueous vapour at o C. 
and 760 mm. = 18 gms.J the weight of this volume of water 
vapour is found, and from this weight and the weight of 
aqueous vapour found by experiment, the relative humidity 
may be calculated. ^ 

Carbon Dioxide .—From the relation 44 gms. of carbon 
dioxide = 22 4 litres at 0° C. and 760 mm., the volume of 
carbon dioxide at 0° C. and 760 mm. corresponding to the 
weight of carbon dioxide determined may be calculated. , 'This 
volume, corrected to the temperature and pressure of the air at 
the ti'me of the experiment, gives the volume of carbon dioxide 
in the volume of air which passes through the apparatus. 

The result is usuall}' expres.sed as per cent, by volume oi 
carbon dioxide, or as parts per 10,000. 

The amount of carbon dioxide in air varies from about 
3-5 parts per 10,000 (0-035 cent) in country air to 40 oi 
more parts per 10,000 (0'4 psr cent.) in the air of a crowded 
tnom . 

DEW POINT. 

Water vapohr is invariably a constituent of the air, but 
the amopnt present > a given volume of air varies very con 
siderably from time to time. Only very rarely is the air com 
■pletely saturated with water vapour. In this case the wate 
vapQur and'liquid water are in equilibrium, and no more wate 
vapour lyill be tjfken up by the air. 

Under ordinary conditions, however, water is jeresent ii 
the air as an unsaturated vapour, and more and more wate 
can be taken,up by<a given volume of the air, until it become 
'saturated witj^ at^ueous vapour. ‘When the air is not saturate! 
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*with water vapour the pressure exerted by the la^er depends 
on the amount of water vapour present. The pressure exerted 
* by a saturated vapour, however, depends only on the tfeiftperji- 
ture, and in the case of water varies from 4’6 mm. at 0° C.'to 
760 mm, at 100° C. The higher the temperature, the greater 
is the am'bunt of aqueous vapour which can be taken up by a 
given volume of air. 

[For a description of the method employed for measuring 
the pressures of saturated and unsaturated vapours, etc., see 
“ Chemistry of Petroleum,” by Tinkler and Challenger ’’ 
(Crosby Lockwood & Son), pp. 88-92.] 

By cooling air containing unsaturated water vapour, a 
temperature, known as the dew point, will be reached at which 
there is sufficient water vapour present in the air for the latter 
to become saturated with it. Any diminution of the tempera¬ 
ture below this point leads to the separation of liquid water 
from the ■ ffie form ?)f dew. 

The deposition of dew on solid objects at night is explained 
by the fact that these objects become cooler than the air owing 
to loss of heat by radiation. The temperature of the air in 
their immediate neighbourhood is so far reduced, that the water 
vapour present is sufficient to saturate the air, and the exiess 
of moisture is deposited as dew. 

The dew point may be determined experimentally by 
means of a condensing hygrometer, the principle of which is-as 
follows:— 

•The air is cooled locally, and the temperature noted at 
which separation of moisture takes place. The temperature 
of the air is then allowed to rise and the point at which the 
dew disappears is noted. The mean of these two tempgraMlres 
is taken as the dew point. 

Determination of the Dew Point by Means of the 
Regnault Hygrometer. 

The apparatus consists of a large tesf tube, the lower por¬ 
tion of which is covered with thin silver foil., The tube is 
fitted with a cork carrying a thermometer, a glass tube,»\jhich 
reaches nearly to the bottom of the apparattis, and »short glass 
tube which is ittached to a wafer pump or aspirator somtf 
distance away from the apparatus. 

Ether is poured into the test tubt»to a point well,abc*fe 
the silver foil. 
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‘ On turning on the tap of the pump or aspirator, a strean;;, 
of air is dVawn slowly^through the ether, which increases its 
rate of evaporation, and thus causes a diipinution of tempera*’ 
ture. 

‘The temperature at which dew appears on thq silver foil is 
noted. The water pump is then disconnected anrf the tem¬ 
perature at which the dew disappears is observed. The mean 
of these two temperatures is taken as the dew point. The 
experiment is repeated several times and the average reading 
taRen as the dew point. 

In order to obtain accurate results, the apparatus should he 
at some distance from the observer and the observations made 
by means of a telescope. 

Relative Humidity from the Dew Point. 


Since the relative humidity of the air 

amount of water vapour actually prescrfm.. air 
” amount of water vapour present in the air if saturated 


and since the amount of water vapour present in the air is 
proportional to the pressure which it is exerting, the relative 
humidity may be expressed as 

*' Pressure of water vapour in the air 

“ Pressure of water vapour in the air if saturated 

The pressure of water vapour in the air is the* pressure of 
saturated water vapour at the dew point of that air. Jhis 
pressure and that of saturated water vapour at the temperature 
of the air may be found on reference to tables. 

Example .—The temperature of the air at the time of an 
ex'pet+.nent was 15-5° C. and the dew point iO'5° C, • ,‘ 

Pressure of saturated aqueous vapour at 15'5° = Ij'i mm. 

Pressure of saturated aqueous vapour at I0‘5° = 9-5 mm. 


9'5 

Relative humidity = .= 0725, or the air is 72-5 per 

cent, saturated witlTwater vapour. 

For temperatures from 60'' to 70° F. a relative humidity of 
about 073, or 73 per cent, saturation, is the most suitable 
standard from th/ point of view of health. 


Wet and Dry-Bulb Thermometers. 

TTwo similar thermometers are^ mounted on a stand side by 
side. The buUt of.one of them is kept continuously moistened 
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*rith water by means of a cotton fabric, which dips into a 
small reservoir containing water. Th^drier the ait, the more 
rapidly the water oi^ the cotton evaporates, and owing <<i this 
evaporation, and consequent absorption of heat, the tempenf- 
ture reg^ster^d by the wet-bulb thermometer is always fess 
than that 'tegistered by the dry-bulb thermometer. If, how¬ 
ever, the air is satuAted with aqueous vapour the temperatures 
indicated by both thermometers are the same, as evaporation 
is then impossible. 

The temperature indicated by the wet-bulb thermometer is 
not the dew point, but the latter may be calculated from the 
readings of both thermometers by use of a so-called Glaisher 
factor. These factors have been obtained experimentally, by 
comparing the results obtained for*the dew point by means of 
a condensing hygrometer with the readings obtained with wet- 
and dry-bulb thermometers’. 

For ‘Able ■’'f Glaishei* factors see “Hygiene,” by Notter 
and Firth (Churchill). 

The formula adopted for the calculation of the dew point 
from the readings of the wet- and dry-bulb thermometers is as 
follows:— 

Dew point = dry-bulb reading F." - (difference between 
dry- and wet-bulb readings F.°) x Glaisher factor. 

Example :— 

Reading of dry-bulb thermometer = 70° F. 

„ wet-bulb „ = 50° F. 

Glaisher factor for dry-bulb reading of 70° F. = r8. 

Dew point = 70 - (70 - 50) x i -8 
= 70-36 
= 34 ° F. 

The relative humidity may be calculated by converting the 
temperatures 70° F. and 34° F. into the corresponding centi¬ 
grade tempefhtures, and finding the pressures of saturated 
aqueous vapour, in millimetres of mercur^, at these tempera* 
tures from a table of pressures of saturate^] aqueous vapour. 

By making use of a table of pressures of saturated water 
vapour in inches of mercury, corresponding to 'temperatures 
Fahrenheit, the same result for the relative humidity will of 
course be obtained. , 

AtvSiher table for calculating the dew point from the read¬ 
ings of the wet- and dry-bulb thermometers in degrees centi¬ 
grade, shows the relation bfetween the dry-bqfb readid|;, tlTe 
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difference between the wet- and dry-bulb readings, and the 
pressure of saturated aqueous vapour at the dew point. 

T^vs if temperaturt registered by the dry-bulb thermo-^ 
meter is io° C. and the temperature registered by the wet- 
bull^ thermometer is f C. from the table the pressure of water 
vapour at the dew point is 57 mm. which corresjjpnds to a 
dew point of 3° C. < , 


57 

The relative humidity in this case is ~ =0'626(9'i mm. 
being the pressure of saturated aqueous vapour at 10° C.). 


Note on Relative Humidity. 


In connection with this subject the following considera¬ 
tions should be noted. ' 

The relative humidity of the air of a room varies greatly 
according to the method employed for the artificial heating of 
the room. If the air itself is war,m, as is^e cas., in all 
methods of heating by means of convection chriehts, the 
relative humidity is very considerably reduced owing to this 
rise of temperature. Consequently, an excessive amount of 
water may evaporate from the surface of the skin or from the 
mucous membrane of the throat and nose. This,objection is 
not met with when the room is warmed by means of radiant 
heat, in which case the temperature of the air itself rises very 
slowly. 

Thus, if the temperature of the air of a room is initially 
I5'5° C. and the dew point io’5° C., the relative humidity of 
9’5 

the air is = 0725 (see p. 180). 

Jf now the temperature of the air rises to 25° C., the 
moisture content of the air remaining the same, the relative 


9’5 

humidity becomes --- = ©'404 (23 5 mm. being the pressure 
23'5 

of saturated aqueous vapour at 25° C.). 


, It is often found^for example, that a temperature of 75° P". 
in certain pasts of the world, where the relative humidity of 
•the aif is usually ^w, can be withstood as easily as one of 
5 5° F. in afiother part of the world where the relative humidity 
Is high. The explanation of this is as'follows ;— 

Under ordinary conditions heat is lost from the body by 
radiat^n, convection ^nd conduction, and also owing to the 
evaporation of*^ater at its surface. 
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^ It will be readily understood that tt the temperature «f 
55° F., if the air is nearly saturated wih water vapour, very 
little heat will be lost owing to the evaporation of jvater, 
although much heat will be lost by radiation, etc., due to the* 
large difference between the temperature of the body, 98’4° f'.’, 
and that o^ the air, 55° F. On the other hand, with the 
temperature at 75“'F. comparatively little heat is lost by 
radiation, etc., but since the relative humidity of the air in this 
case is less, much more heat is lost owing to evaporation of 
water than in the former case. If, however, at this tempeiji- 
tu-e the relative humidity increases, the air becomes very 
oppressive. 


The Kata-Thermometer. 

The ordinary wet- and dry-bulb thermometers which are 
employe-^ ,in determining the relative humidity of the air (p. 
170)1 givv-M- ;.i(fi£ation of^/ 4 c (?/ 4 jw of heat due to evapor¬ 
ation. Thus in a closed room, in which the moisture content 
of the air is high, the oppressive feeling of the air becomes very 
much less marked if a fan is set in motion. When the air of such 
a room is still, the evaporation of water from the surface of the 
body takes place very slowly, on account of the slow diffusion 
of moisture from the air immediately surrounding the body. 
If, however, the air near the body is being changed, the rate of 
evaporation will neces.sarily be incrtiased, with a consequent 
feelipg of relief, although of course the moisture content of 
the air is not diminished by the air being set in motion. 

An instrument known as the Kata-Thermometer has been 
invented by Prof. Leonard Hill, by means of which it is 
possible -o compare the rates of cooling in air under di£erAtt 
conditions. The construction of the instrument and the 
method employed for its use are as follows:— 

Two therfnometers, having large bulbs filled with coloured 
alcohol, have marks on the stems corresponding to 110°, ioo« 
and 90° F., and another mark just above'th/; bulb. One of the 
thermometers, the wet-bulb instrument, has a woven cotton 
covering over the bulb. This material holds the amount of 
water necessary for taking an observation. \ 

The thermometd's ye immersed in water at about no" 
so that* the mark just above the bulb of each instrument is 
level with file surface of the water. Wh|n the reading of each 
thermometer is about 110° F, and the threads are contisuoift. 
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the instruments are withdrawn, the one rapidly dried and the 
excess of fnoisture jerlifed off from the other (wet-bulb thermo¬ 
meter). The instruments are then placed in the clips provided 
jp the case, and the time required for the temperatures, as in¬ 
dicated by the thermometers, to fall from ioo°,F. to 90° F. 
taken by means of a watch. The time of cooling'^from 100° 
F. to 90° F.) of the wet- and dry-bulb irtstruments at about 
body temperature is thus found. 

It has been found that the most suitable conditions of 
heating and ventilation of a room are obtained when the dry- 
bulb thermometer takes about 2 mins. 30 secs., and the wec- 
bulb 50 secs, in cooling from 100° F. to 90° F. 

In a later form of the apparatus a factor is supplied for 
each thermometer. * 

Dividing this factor by the number of seconds taken for 
the thermometer to cool from 100° F. to 95° F., gives the rate 
of cooling at body temperature im'mille-cajpries b^r .square 
centimetre per second. 

The value obtained with the wet-bulb thermometer gives 
the rate of cooling by radiation, convection and evaporation, 
and with the dry-bulb thermometer the rate of cooling by 
radiation and convection. The difference between the two 
resultsigives the rate of cooling by evaporation. 

By using the thermometer, with and without the cotton 
covering, the same instrument may be used for b<jth readings. 

THE DETERMINATION OF CARBON DIOXIDE IN THE ‘AIR 
BY PETTENKOFER’S METHOD. 

In this method a Ijiven volume of air (5 to 10 litres) is 
treated' with a measured volume of a solution of barium o.' 
calcium hydroxide, by which the carbon dioxide contained in 
the air is absorbed with the formation of barium or calcium 
carbonate. 

*- Bariun^ and calcium carbonates are not decomposed by a 
dilute solution of OKalic acid; so that if a given volume of 
tlfe barium or calcium hydroxide solution is titrated with a 
^solutiqn of oxalic acid of known concentration, before absorp- 
tion*of carjion diokide, and a similar volume of the solution 
i's titrated after absorption of the carbon dioxide, the difference 
in the volume of acid required gives the volume of oxalic acid 
solution equivalent to the amount of carbon dioxide in the 
given Volume of air. From this* the percentage of carbop 
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djpxide, or the amount by volume of car^n dioxide per 10,000 
of air may be calculated. 

• Solutions required:— 

1. A Standard Solution of Oxalic Acid. 

From the equations 

Ba(f)H)2 + CO 2 BaCOa + H^O 
* 171 gms. 44 gms. or 22,400 c.c. at N.T.P. 

Ba(OH), + (COOH)j. 2 iifi -> Ba(COO)j + 4H2O. 

•i 71 gms. 126 gms. 

171 gms. ,of barium hydroxide absorb 22,400 c.c. of CO.^ at 
N.T.P., and are neutralised by 126 gms. of crystallised oxalic 
acid, HjCjOi. 2H2O. 

.'. 22,400 c.c. of CO, at N.T.P. are equivalent to 126 gms. 

HjCA-2HA 

.•. I c.c. of CO2 at N.T.P. is equivalent to 

. C. 0-005625 gm. HjCA- 2H.2O. 

22,400 

Thus if the solution of oxalic acid employed contains 
0-005625 gm. of crystallised oxalic per c.c. (i.e. 5'62 5 gms. 
per litre), the difference in the volume of the oxalic acid solu¬ 
tion required for a given volume of the solution of barium 
hydroxide, before and after the absorption of the carbon 
dioxide, gives at once the number of c.c. of carbon dioxide at 
N.T.P. contained in the given volume cf air. 

Wagh out i.e. I -4063 gms., of crystallised oxalic 

4 

acid, dissolve in recently boiled, cold, distilled water and dilute 
to 250 c.a : I C.C. of this solution ^ i c.c. CO2 gas at N.T.P.* 
ThL dilute solution of oxalic acid should be used as soon 
as possible after being made up, as it undergoes decomposition 
on being kept. 

2. A SolutiSi of Barium Hydroxide. —FiIt jr about 200 c.c. 
of a saturated solution of barium hydroxide through a fluted 
filter paper. Ddute the filtrate with an equal volume of 
recently boiled, cold, distilled water. Place 7-he solution in a 
bottle, stopper, securely and mix thoroughly by^ shaking. 

Determination of Carboh Dioxide. 

For a first analysis it will be advisable to employ air col¬ 
lected in the open. Clean twoJarge bottles, of 5,to 10 litrts 
capacity, fitted vk'itji rubber bungs. Measure the*capacityopf the 
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bottles by means of af litre cylinder, rinse out with recently 
boiled, cold, distilled pater and drain thoroughly. 

, The air to be examined is blown through the bottle^ for 
Some minutes, by means of a bellows fitted with a rubber tube 
reaching to the bottom of the bottles, and the bpttles are 
closed securely by means of the rubber bungs. r 

Place too c.c. of the solution ofbariura'hydroxide, measured 
with a pipette,* in each of the bottles, and immediately replace 
the rubber bungs and the stopper of the bottle containing the 
barium hydroxide solution. 

Place the bottles on their sides and turn them round fre-. 
quently during the next 20 minutes, so as to keep the sides 
moistened with fresh portions of the barium hydroxide solution. 

Whil.st the absorption' of the carbon dioxide is in progress, 
the titration of the barium hydroxide solution with the standard 
solution of oxalic acid (blank experiment) should be carried 

Measure out 25 c.c. of the baryta solution (see'lootnote re 
use of pipette) and titrate with the standard solution of oxalic 
acid, using phenolphthalein as indicator. Repeat the titration 
twice more and take the mean of the last two readings. 

^ Owing to the continuous.absorption of carbon dioxide’ from 
the air by the barium hydroxide solution, the titrations should 
be carried out as rapidly as is consistent with accuracy. If 
preferred, for the secorxl and third titrations most of the oxalic 
acid solution required may be run from the burette into a 
flask, before the 25 c.c. of the baryta solution are added. The 
titration is then finished by the addition of more oxalic acid 
solution from the burette. 

• .Calculate the volume of the standard solution of oxalic 
acid which would be required for the neutralisation of ico-c.c. 
of the barium hydroxide solution. 

When the air in the bottles has been in contact with the 
solution of barium hydroxide for at least 20 minutes, remove 
25 c.c.'of the sojptlon from one of the bottles by means of a 
pipette, to the lower end of which a piece of glass tubing is 

• 

* * Owing to thcffactthat expired air contains about ion »inies as much carbon 

dioxide is ordinary fresh air, great care should be exercised to prevent access of 
expired air to the barium hydfoxide solutioij duAng^he experiment. On this 
account it is advisable to make use of the water pump for drawi|)g up the 8olu> 
tions into the pipettes. Do not on any account blow through a pipette, but 
remove the last drop bf placing the first finger of the right lfand.over the upper 
enu^f the pipette and the left hand ovdr the bulb, when, owing to the expansion 
r of the aj^, the*^t drop of liquid is expelled. 
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attached, if necessary, and titrate with thAtandard oxalic acid 
solution as before. Repeat the titratian with two further 
portions of 25 c.c. and take the mean of the last two reaW- 
'ings. 

Calculate the volume of oxalic acid solution required for 
the 100 c.c. oithe barium hydroxide solution. 

Repeat the experiment for the solution in the other bottle.^ 

The difference in the volume of oxalic acid solution, re; 
quireifor too c.c. of the barium hydroxide solution in the^ 
blank and test experiments, gives the number of c.c. of carbon 
dioxide at N.T.P. in the volume of air contained in each 
bottle. 

The volume of air in contact with, the solution of barium 
hydroxide is the volume of the bottle less 100 c.c. occupied 
by the solution. 

rorrect these volumes of carbon dioxide to the temperature 
and press"'" if 'aborator^ at the time of the experiment, 
and calculate in each case the percentage of carbon dioxide 
in the air under examination. Express the result also as 
parts of carbon dioxide per 10,000. 

Example :— 

Blank experiment. Temperature 13° C. Pressure 752 mm. 

Mean result, 25 c.c. barium hydroxide solution = I9'2 c.c. 
standard oxalic acid solution. 

.’. 100 c.c. barium hydroxide solutioli = 76 8 c.c. standard 
ojfalic acid solution. 

Test :— 

Mean result, 25 c.c. barium hydroxide solution after ab¬ 
sorption of CO.2 required 18’23 c.c. standard oxalic acid 
solution. 

.'. 100 c.c. barium hydroxide solution after absorption of 
COj required 72-9 c.c. standard oxalic acid solution. 

Difference, 7^8 - 72-9 = 3’9 c.c. 

I c.c. oxalic acid solution = i c.c. COj at N.T.P. 

Volume of bottle to rubber bung = 10,150, c.c. 

.•. Volume of air employed = 10,150 - too = 10,050 c.c. 

.'. 10,050 c.c. of air at 13° C. and 752 mm. contaih 3'9 c.f. 
COjat N.T.P. * — 

3'9 C.C. C 0 „ at hf.T.V. * 3'9 x 5 ^ x = 4-12 c.c. at 

“ 273 752 

13° C. and 752 mm. 

Thus 10,050 c.c. of air contartn 4'i2 c.c. of CO,,; 
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( , . I . 4-12 X 100 

or, 100 ac. of air contain -= o’040Q c.c. CU.; 

; c 10,050 ^ 

or, the air contained 4^09 parts of COj ’per 10,000. 


Various other methods are employed for the determination 
of carbon dioxide in air, but the Pett^nkofer method is the 
most reliable. 

In the Lunge and Zeckendorf method air is blown, by 
rmeans of a rubber compression bulb, through a very dilute 
solution of sodium carbonate containing phenolphthalein. By 
the action of the carbon dioxide contained in the air,‘ tlie 
sodium carbonate is converted into bicarbonate which is not 
alkaline to phenolphthalein. From the number of compres¬ 
sions of the bulb required for the discharge of the colour, and 
by reference to a table, the amount of carbon dioxide per 
10,000 of air is obtained. 

For calculations relating to amount required 

for removal of carbon dioxide produced by respiration, etc,, 
see page 203. 


THE DETERMINATION OF OXYGEN IN THE AIR. 

This determination may be carried out, either by means of 
the Bunt6 burette, or the Hempel apparatus. The oxygen is 
absorbed by means 6f a mixture of solutioiis of pyrogallol, 
C5H3(0H)3, and potassium hydroxide, or by a solution of 
sodium hyposulphite, NajS204. 

THE BUNTli BURETTE. 

The construction of the apparatus is shown in Fig. 4-L. 

By means. of the two-way tap C, connection is made 
either between A and E, or B and E. 

The capacity of the burette from the point marked 0 to 
the upper stop-cosk is 100 c.c. 

F is an aspirator containing water. This should be sup¬ 
ported well above the level of the bench. 

1 ‘ Before commencing an experiment, rrjaiifc sure that the 
taps C and D have recently been lubricated and are securely 
wired in. Fill the burette with water frbm the ajpirator • by 

* Instead of an aspirator a rubber tube attached to a^ ordinary water tap 
tBAy be used 'tor this purpose. In this^ca&e it is important alwi^s to turn off 
metal water tLp before the burette tap, otherwise the rubber tubing is fosrM 
off owitg to ^e pressure of the water. 



THE BUNT^ BUReI'TE 189 

attaching the rubber tube to the lower <^d, and opting the 
tapS 'D and C, so that the water passes into the cup B up to 
orjf q( the marks 20 c.s. or 25 c.c. on B. 

Close the taps C and D. Remove the tube of the aspiratof 
from the burette, open the tap C, so that A is in connection 
with E, and allow water to run from the burette through ^ 
until the level falls slightly below the poinit marked 0. 

Close the tap D and close C completely. There is now 
slightly more than 100 c.c. of air in the burette under atmos-, 
pheric pressure. 



Attach the aspirator tube, filled with water^ to the lower 
end of the burette, open the tap D and allow water to enter 
the burette until the level is slightly above 0 . Close the 
tap D. • 

(It is important in n;any operation^ for which the Durette 
is employed j^iat the tube of the aspirator should be completely 
filled with water before it is attached to the burette, or air will 
be introduced.) 

The air In t|je ^burette is thus slightly compressed., Re¬ 
move the aspirator tube, open the t^ D cautiously and allow 
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the level of the watj r in the burette to fall to 0 . The burette 
no^ contains lOO c.c. of air under a pressure which is stiir 
^ slightly greater than that of the atmosphere. Open the 'tap 
;C, so that E is in connection with B. One or more bubbles of 
air pass through the water in the cup B, and the burette now 
contains lOO c.c. of air under atmospheric prdssure plus the " 
pressure of the small column of water in the cup B, ‘ 

The reason for measuring the air in this way is that, after 
, absorption of the oxygen from the air, the nitrogen is measured 
between similar columns of water, for reasons which will be 
apparent later. ' ' 


Absorption of Oxygen. 

t 

Attach the lower end of the burette to a water pump, 
which is turned on slightly. Open the tap D very cautiouslj^ 
and allow the level of the water in the burette tp fall nearly 
to the tap D. 

Place 2’5 C.C. of a solution of pyrogallol (containing 30 gms. 
of pyrogallol in lOO c.c. of water) in a small porcelain basin; 
place the lower end of the burette in the solution, and by 
, opening the tap D cautiously, allow most of the solution to 
ertfer the burette. Take care that no air is allowed to enter 
the burette. 

In the same basin place approximately 15 c.c. of a solution 
of potassium hydroxide (containing 150 gms. of commercial 
caustic potash in lOO c.c. of water) and allow as much'as 
possible of this solution to enter the burette as befor^ Close 
the tap D and pour out the water from the cup B. Support 
the burette in a horizontal position, and keep the liquid inside 
itf gentle motion for the next five minutes. 1 . ^ 

A considerable reduction of pressure will be effecterTcfuring 
the absorption of the oxygen, and it is very important that no 
leakage of air into the burette should take place. 

At the end' of five miriutes support the burette vertically 
I and fill the cup B with water. Open the tap C slightly, so 
that the cup B is in connection with E. Allow water to run 
into B as fast as it runs into the burette. , 

When no ‘more water enters the burefic, open the tap D 
over the sink, and again allow ^ater to run into the cup B 
until all the coloured liquid has been washed out of the burette. 
For this purpoije a convenient arrangement i» to have a piece 
of glass t^be, bent twice at‘right angles, and attached to a 
water tap by tneans of a long length of rubber' tubing, one end 
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ctf this glass tube being placed in the t^p of the bvrette. It 
13 essential to keep water in the cup B while liquid i^ run- 
iting out from the tap D. i 

When all the pyrogallol-potash mixture has been washfca 
out from* the* burette, close the tap D and remove the glass 
tube from the cup B.^ Open the tap D slightly, and allow the 
water in the cup B to fall to the original level, i.e. the 25 c.c. 
or 20 c.c. mark. Close the tap D when this is the case, and 
allow the burette to drain for a few minutes. « 

Read off the level of the water in the burette. The read¬ 
ying gives the volume of oxygen in 100 c.c. of air taken for the 
experiment, since both gases are measured under the same 
conditions of temperpture and pressijre. 

Repeat the whole experiment. 

On the average, fresh air contains approximately 2ro per 
cent, of oxygen by volume. 

Fro'^a'the point of vi^ of Hygiene, the determination 
of the percentage ol oxygen in the air is of considerably less 
importance '■han the determination of water vapour, carbon 
dioxide and other substances which are present in veiy small 
quantities. 

DETERMINATION OF OXYGEN BY MEAN.S OF THE HEMPEL 
APPARATUS. 

The complfete apparatus. Fig. 12, consists of a burette A 
3 nd several absorption pipettes of the type B and C. 

Th'fe burette consists of two tubes joined by means of a 
length of rubber tubing,* and supported vertically by means 
of wooden stands. One. of the tubes is graduated in fifths o^ 
a cubifi cea^imetre from o to lOO c.c. ^ 

Tile upper end of the graduated or measuring tube is fitted 
with a short length of pressure tubing cariying a good screw 
clip, L, and fitted with a short length of thick walled glass 
tubing about i mm. internal diSmeter, benl; twice ^t right 
angles. The other tube of the burette is uf^ially referred to 
as the pressure tube. 

- Mbtbed of Filling Hempel Pipettes. 

The absorption pipittej are either single, as shown in B, or 
double as ift C. The advantage of the latter form of pipette 

» • . , 

* It will be found convenient to have this rubber tube divided in the midSle, 
and the ends joined by means of a piece of glass tubing c|rryiflg a glass stop¬ 
cock K. 
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is that the absortentfcn D and E is ke^t_out^ of^ 

sS"p"''Whttun u^eTheUS^end of 
carry good screw clips. lenetb of glass rod, 

stsrrx™'* or .£ pipofo 

“ «!■ Z™ . double Pip»e c.n..i"i"8 



?ZfotSi,m hydr«.ulphi.e(hypo.ulphite) .ud .s gmp 

>'trubifXLfpUOn’pi^^iot"^ by 
tion pipette and liquid is drawn m until the bulb D , , 
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The absorption pipette is now placeij in an upright position, 
tfie 10 C.C. pipette still being attached ai-d full of the'absorbent. 
- The liquid is allowed to flow into the absorption pipette 
until a small amount is contained in the bulb E. , / 

Soma watf r is poured into the bulb G and is transfenfed 
to the bulb, F by applying a water pump to the end of G. 
Car^ should be takeit that the liquid in the bulb E does not 
pass over into the bulb F. 

yhe absorbing liquid is drawn nearly to the top of the 
capillary tube of the pipette by means of the water pump, afld 
th^ clip on the pressure tube H is closed. 

A single pipette may be filled by pouring the liquid 
through a funnel in the wide tube of the pipette, and drawing 
the liquid nearly to the top of the chpillary tube by means of 
a water pump. 


> Sample oi,Air for Analysis. 

Pour water into the pressure tube of the burette, and fill the 
measuring tube with water, by raising the pressure tube and 
opening the tap K and the clip L. When this tube is full 
close the tap K. The pressure tube should now contain only 
a small quantity of water. <* 

Draw a sample of air into the measuring tube by opening 
the tap K and lowering the pressure tube. Adjust the level 
of the water in the measuring tube until exactly lOO c.c. of 
•air is contained in the tube, when the levels of the water in the 
measiring and pressure tubes are the same. The burette now 
contains loo c.c. of air at atmospheric pressure. 

Close the tap K and the clip L. 

Open the tap K and make sure that the volume of air is 
ei.EJfcly iGe c.c. when the level of the water in both tuples is 
the same. 

Since the %as after absorption of any constituent is 
measured under the same conditions, that i^ with the levels o^ 
the water in both tubes the same, the diminution ini volume, 
produced by the absorption of that constituent, gives at on?^ 
its percentage by volume in the gas under examination. 

Absorption of Oxygen. 

t 

Suppwt the double absorption pipette containing the solu¬ 
tion of sodium hyposulphite* on a wooden stand, so that theend 


Or pyiogailol and potash, 

13 
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of'the bent glass tubetattached to the measuring tube of t^e 
burette, is''at a slightlj lower level than the upper end of the 
pressure tubing H, attached to the capillary of the absorptio* 
{jipette. 

' Remove the air as far as possible from the pressure tubing 
H, by pressure between the fingers and thumb, and fit the glass 
tube attached to the burette securely into the pressure tubing, H. 

Open the clip on H and note the level of the liquid in the 
capillary tube. , 

' Open the clip L, and by raising the pressure tube, drive the 
air into the absorption pipette, until the level of the water,in 
the measuring tube reaches the clip L. Close the tap K and 
the clip on H. 

Allow the gas to remain in contact with the absorbent for 
five minutes, shaking the pipette occasionally backwards and 
forwards. 

At the end of the five minuter open the tap K and the 
clip on H, and allow the gas to pass back into the measuring 
tube, by lowering the pressure tube, until the liquid in the 
capillary of the absorption pipette is at the same point’ as 
before the absorption. 

s Close the tap K and the clip on H. Open the tap K and 
bring'^the water in the pressure and measuring tubes to the 
same level. 

Read off the volume,of the residual gas. 

One hundred c.c. less this volume of gas gives the per-. 
centage of oxygen in the air under examination. 

To ensure that the absorption of oxygen is complete, pass 
the gas again into the absorption pipette as before, and after 
allowing it to remain there for a few minutes, with occasional 
shakihg, transfer it again to the measuring tube an.d rea'd*ii/ff 
the volume of the- residual gas at atmospheric pressure. 

It is, of course, essential to have the tap K (on the rubber 
tube joining the pressure an4 measuring tubes) open, when 
adjusting,the levels of the water in the two tubes. 

^ Repeat the experiment and compare the results obtained 
with those obtained by means of the Bunt6 apparatus. 
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iJETERMINATION OF CARBON DIOxIdE AND O^CYGEN IN 
EXPIRED AIR.' 

‘Method of Colfecting the Sample of Expired Air. 

Fit ifp a set of aspirators as shown in the diagram, Fig. 13. 

Place bftth bottles on the bench, open the clips C and D 
and po’'r a saturated solution of common salt into A until 
both bottles are rather more than half filled. 

•Place the bottle A on a wooden stand and allow the so]u- 
jtion to flow into B until this bottle is filled completely. 

'' Close the clips C and D, and place the bottle B on the 
wooden stand as shown in the diagram. 

Take a deep inspiration and l^old the breath for a few 
seconds. Breathe out through the glass tube E, opening the 
clips D and C. 


O' 



^loswthe clips and repeat the process until B is about 
three-quarters full of expired air. Place both bottles on the 
bench. - 

Fill the Bunt6 burette witb salt solution, by placing th^ 
lower end in the solution and drawing cut the air by means 
of a water pump attached to the gas inlet tftbe. Fill the cujj 
of the burette with water up to the 20 c.c. or 25 cc. mark. 

Attach tbe-^as inlet tube A of the burette to the nlbber 
tube attached to the Jop of the aspirator bottle B. Y)pen the 
clips of tbe aspirator and the taps of the burette. Raise the 
aspirator beetle A and allow expired air to pass into the 
burette until rather more than 100 c.c. has bden collpsted* 
Close the taps of the burette and the clips oj th!* aspirator. 
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Adjust the volum^ of expired air in the burette until 
exactly lOb c.c. is obtained under atmospheric pressure plus 
the piiessure due to the column of water in the cup of thft 
burette (see p. 189). 

The carbon dioxide must obviously be absorbed bpfore the 
oxygen, as the solution of pyrogallol and potassiunj hydroxide 
would absorb both this gas and oxygen. «■ , 

Carbon Dioxide.—Yox the absorption of the carbon dioxide 

15 c.c. of a solution of potassium hydroxide (containing 50 
gifiS. of commercial caustic potash in 100 c.c. of water) is em¬ 
ployed. See page 190 for method of introducing the absorbeat , 

After the absorption of the carbon dioxide, the solution of 
potassium hydroxide is washed out from the burette, and the 
diminution in volume of the gas gives the percentage of car¬ 
bon dioxide in the expired air under examination. 

Oxygen .—The oxygen in the gas remaining in the burette 
is now determined by absorption, zf described on page 190. 

The diminution in volume gives the percentage ofoxygen 
in the expired air. 

The percentage of carbon dioxide and oxygen in the 
sample of expired air should also be determined by means of 
the Htmpel apparatus,* the carbon dioxide being absorbed in 
a Hempel pipette containing a solution of potassium hydroxide 
{120 gms. of potassiun) hydroxide in 500 c.f. of water). 
The oxygen in the gas remaining after the absorption of the, 
carbon dioxide is determined as described on page 193. , The 
diminution in volume, in each case, gives the percentage of the 
constituent absorbed, in the expired air. 

« For expired air collected as described above the percentage 
of car'bon dioxide is usually about 4 per cent, and the oxyigcn 

16 per cent, by volume. 

.DETERMINATION, OF SULPHUR DIOXIDE AND SULPHURIC 
, . ACID IN AIR. 

• « 

• All fuels, solid, liquid and gaseous, contain compounds of 
sulpjiur in 'varying amounts as impurities. Tljus ordinary 
bifuminojis coal Contains from o‘5 to 3'5 perfSIlt. of sulphqr, 
largely present as iron pyrites. Coal <gas contains organic 
compounds of sulphur, although during its manufactftre a large | 

t 

' I for metholiof obtaining exactly lop c.c. of the gas at atmospheric pres* 
in the measvting tube see page 206. 
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proportion of the sulphur contained in the coal is removed.* 
.Liquid fuels also invariabl)' contain sulphur compounds, a 
circumstance which Jias to be taken into account in confifction 
with their use for certain purposes. See " Chemistry^<>f 
Petroleum,” <by Tinkler and Challenger. 

On tho combustion of a fuel, a small quantity of the 
sulphur may escape*as sulphuretted hydrogen, but most of it 
is converted by combustion into sulphur dioxide, which escapes 
with the other products of combustion. This sulphur dioxide 
(or sulphurous acid) is rapidly oxidised to sulphuric acid. * 

The irritating effect on the mucous membrane of sulphur¬ 
ous acid in fog is well known, but it is the free sulphuric acid, 
produced by its oxidation, which is mainly responsible for the 
harmful effects on vegetation and Inasonry, and even for such 
minor effects as the breaking of picture cords in a house. 

The tarnish'ng of copper and silver articles exposed to air, 
espq'-'sfjy during,^ a fog,*Is probably due to the presence of 
traces of sulphuretted hydrogen, and not to the sulphurous 
and sulphuric acids in the air. 

One of the objections urged against the use of coal gas for 
illuminating purposes is the production of small quantities of 
sulphurous and sulphuric acids on its combustion. It las, 
however, been found by Hehner and Rideal that these acids 
are rapidly absorbed by the whitewash on the ceiling of an 
ordinary room. 

(See Report of Conference on Heating and Lighting, Lon¬ 
don* Oct., 1913, p. 6 .) 

The determination of the amount of sulphurous and sul- 
phvic a-'id in the air is carried out by drawing a m^suftd 
tlblumeTfthe air through a long glass tube, filled with glass 
beads moistened with a dilute solution of hydrogen peroxide, 
whereby the Sulphurous acid is oxidised to sulphuric acid 
This acid, together with the sulphuric acid originally preseat 
in the air, remains in the solution, and its amount is determijjjed 
in the ordinary way by precipitation as* barium sulphate. 
Since the jimcunt of this substance obtained is*usually very 
small,' a spR-'ili'a^ centrifugal method, which* does not invelve 
filtration, is ofteq adopted for its determination. 

The apparatus employed for the determination is shown in 
the diagram Fig. 14. 


* See p. 212 for determination of ** sulphur ’’jn C( 9 al 
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'A very dilute solution of hydrogen peroxiae c.c. 01 
10 volume-solution, free from sulphate, in 250 c.c. of water) is, 
allowed to flow, at a rate of about one drop ^r second, from 
the tap funnel A on to the glass beads contained in the tube 
B>which is about i metre long and 2 cm diameter. ' 

The air to be examined enters through the lower side tute, 
a glass tube leading to the outside air being attached to^ C. 
The upper side tube D is attached to a meter, and air is drawn 


X 


To meter 




B 



Glass tube leading to 
outside air. 


,v 


Fio. 14. 

tiirough the apparatus by connecting the outlet tube of the 
m"e*<eer to a water pump, or by an arrangement which ena ei 
the witheel of the meter to be driven by means of » fallini 
weigbRf See “Smoke,” by Cohen and Ruston^A,^old> 
Thev rate at which the air is drawn through the meter 11 
about 20 '.*cub. ft. (566 litrds) per hour. A Ineter suitab e fo 
this purpo'J.|^e is shown in Fig. 30- When nearly un tn 
^^quid has drt ipped from.the funnel A, the contents of the flasl 
^ured l#^ck into A, so that a constant stream of hqutf 
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is passing over the beads during the whole of the experiment 
.The drop of liquid in the lower end of B prevents access of 
air to the tube B except through C. 

At least 3 cubic metres of air should be drawn through tl^e 
apparatus, utjless the amount of sulphurous and sulphuric atftds 
is likely to be high as in the case of a fog. 

• After a measured volume of air has been freed from these 
acids, the whole of the liquid is collected in the flask E, and 
th^funnel and beads washed by means of distilled water, the 
washings being allowed to collect in E. The very dilate 
se/lution of sulphuric acid contained in this flask is neutralised, 
evaporated to a very small bulk and transferred to a small 
uncorked, weighed test tube (about 7'5 x l‘5 cms.), the vessel 
being wa.shed out with .successive small quantities of distilled 
water. A small quantity of ammonium chloride solution is 
added, and the solution heated nearly to boiling. A few 
drops of a hot colution otbarium chloride are then added and 
the tube, after fifting with a rubber bung, is placed in an 
upright position and allowed to stand for some hours. It is 
then put in a centrifuge and whirled at a high speed for five 
minutes. The test tube should be placed inside a thick-walled 
glass tube containing a plug of cotton wool at the bottom, 9,nd 
a similar tube containing a test tube filled with water should 
be employed as a counterpoise in the centrifuge. 

The treatment in the centrifuge is repeated until the 
solution is no longer turbid. When this is the case, the liquid 
is carefully siphoned off by means of a thin glass tube bent 
twice at right angle.s. Hot distilled water is added and the 
tube again placed in the centrifuge. When the liquid is quite 
clear, it is siphoned off and the process of washing is repeat^ 
Iw'iiil liquid is free from chloride. The liquid ^s then ' 
finally siphoned off, and the tube dried in the steam oven 
until the w®ght is constant. 

From the increase in weigjit of the tube, the amount of 
barium sulphate, and hence of sulphuric acid is found. TIHs 
is the sulphuric acid and sulphurous acid, sxpresseS sulphmric 
acid, in the volume of air drawn through the apjjaratus. ' 

The rjjsiilt should be expressed as rag. HjSO^ per loO. 
cub. ft. of air. These results, as would be expected, vary "very . 
considerably, bo^h acceding to the locality where the air i» 
examined, ^and to the weather prevailing at the time of the 
experiment. 

With country air in fine weather the aixpunt is'usuaily 
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Ws than i mg. per loo cub. ft., whereas in the centre of a tow^ 
during fo^as much as 30 mg. per 100 cub. ft. may be found.. 

Far further information on this subject see “ Smoke,” by 
Cohen and Ruston (Arnold), and article on “ Smoke and 
Mioke Prevention,” ” Thorpe’s Dictionary of A^oplied Chem¬ 
istry,” Vol. IV. 

P'or methods employed for the determination of hydrogen 
peroxide, ozone, ammonia, nitrous and nitric acids in air, see 
“ Technical Methods of Chemical Analysis,” G. Lunge, C, A. 
Keane, Vol. I. 

For determination of carbon monoxide in air due to tlie 
incomplete combustion of coal gas, see page 231. 

The importance of even minute quantities of impurities in 
air will be recognised whex it is remembered that, whilst the 
amount of solid food and water consumed by an adult are ap¬ 
proximately 2'5 and 4’5 lb. respectively per day, the amount 
of air inhaled is about 30 lb. per d»y. 

DETERMINATION OF THE AMOUNT OF SUSPENDED 
MATTER IN AIR. 

, This determination is carried out by drawing a measured 
volume of air through a weighed plug of cotton wool, which 
retains the suspended matter. 

The cotton wool is contained in a thin glass tube, made 
by drawing out a test tube about r5 cms. in diameter, so as 
to form a funnel. This glass tube is supported inside a wider 
metal tube, which is placed in the aperture of a window. 

Before the experiment is started, the glass tube contain¬ 
ing the cotton wool is dried in the steom oven, and whilst it 
is cooKng, before weighing, a slow stream of air<t,'» drawiv 
through by means of a water pump, to prevent condensation 
of moisture. The drying is repeated until the weight is 
constant. ^ 

The tube is then,attached to a meter connected with a 
water pump, and fi. current of air drawn through the plug. 
The rate at which the air passes through should be about 200 
litres 4)er hour. 

After at considerable volume of air has oeen orawn inrougn 
‘the plug, the increase in weight of the iSttir is determined, 
after drying in the steam oven, as .described above^. 

. The result should bq expressed as mg. of suspended matter 
peir 106 cub. ft,«of air. 
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, The amount so found varies very considerably according 
to the place at which the experiment is carried outT, and the 
weather conditions prevailing at the time of the experiment. 

For other methods employed for this determination see* 
Lunge, Keane, Vol. I., Part 11 . 

The question of suspended matter in the air is of import- 
ance»in connection with the question of fuel economy. It has 
been estimated, for example, that 54,000 tons of solid matter 
were^deposited from the air in the county of London in the 
year 1916, most of which represented fuel lost in the form (Jf 
smbke. 

For further information on this subject see “ Smoke,” by 
Cohen and Ruston, and Report on Atmospheric Pollution, 
“The Lancet,” 27 October, 1917. 

EXAMINATION OF THE EFFICIENCY OF THE VENTILA¬ 
TION OF*/t GIVEN ROOM. 

Although it is now generally recognised that carbon 
dioxide, as such, is not injurious in quantities in which it is 
likely to be present, even in the air of an ill-ventilated, crowded 
room, the proportion of this gas present in the air of a roow 
affords an indication of the amount of other impurities pro¬ 
duced by respiration. On account of the ease with which the 
quantity of carjaon dioxide may be determined, and the dififi- 
aulty of determining the amount of the organic substances 
which.accompany it, the determination of the proportion of 
carbon dioxide in the air of a room is still one of the best 
means of invest'gating the efficiency of the ventilation of the 
room. The methods employed for the determination have. 
pr:v,cuc'>,bcen described. * 

In addition to the amount of carbon dioxide in the air, 
the relative huifcidity and the advisability of the air being in 
motion, to facilitate evaporation from the surface of the skin, 
are also points of great importance in this connection.. 

The amount of carbon dioxide produced .by an adult St ^ 
rest is approximately 0'6 cub. ft. per hour. This is,calculated 
as follows;—■«* , • 

Sixteen respirations, each of 30 cub. ins., per rainlite give 
16 X 30 X 60 = 2^,^oo aub, in.s. of*expired air per hour. 

Four per c^nt. of this, 1152 cub. ins., or 0'6 cub. ft., is carbon 
dioxide. , ■ ■ 

Not only is the carbon dioxide content of*the^air of a* 
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room increased by respiration,'but the amount of water vappur 
in the ail will also be raised, since expired air is saturated wi,th 
mftisture. . . ♦ 

(^, The amount of carbon dioxide normally present in fresh 
air is approximately 0’04 per cent., and it is generally agreed 
that the amount of this substance in the air of a room should 
not at any time exceed 0'06 per cent., Sn increase of O'OG per 
cent, above the normal amount for fresh air. 

It is therefore necessary to calculate how much fresh air 
^er hour is required to dilute the products of respiration, in 
order that the carbon dioxide content of the air of a given 
room shall not rise above 0'o6 per cent, and also to be able to 
measure the amount of air which is entering the room through 
any given aperture. This is measured approximately by means 
of an anemometer (see below). 

It is also necessary in this connection to measure the cubical 
contents of a given room. This<^j accomplished by ^plying 
the ordinary rules of mensuration, deducting from the product 
of the three dimensions of the room the volume of any large 
solid objects. 


VHE MEASUREMENT OF AIR CURRENTS BY MEANS OF THE 
* ANEMOMETER. 

One form of this, instrument is shown in thi diagram, 

Fig. 15 - ’ 

It consists of a num¬ 
ber of blades attached to 
an axle,,, which is very 
delicately mounted, and 
which is c%'>r'<»,''t*d «by 
means of an endless screw 
with a set of dials. The 
instrument is so graduated 
that the change in the 

reading indicated by the 

dials, in one minute, when 
the insjruijent is in use, 

gives the velocity of the 

(. air'^ chrrent ^ feet per 

Fio. 15.—Anemometer. minute. ^ 

• • , The recording mechan- 

• jsm 01 the ijistrument can be started and stopped at will, so 
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thstf in measuring a given air current, after noting the readings 
registered by the dials with the recording mechanism’stopped, 
th» blades are allowed,to attain their maximum rate of re»oiu- 
tion before the recording mechanism is started. 

At the end of one minute the recording mechanism is 
stopped, and ihe change in the reading of the dials gives the 
velocity of the given Ar current in feet per, minute. 

A determination should be made by means of the instru¬ 
ment, for example, of the amount of air which is entering a 
room through the lower sash of a window, or if this is acting 
uS £fn outlet, owing to the direction of the wind, the amount 
of air passing out through this opening should be determined. 

Owing to the fact that the velocity of the air is different in 
different parts of the aperture, readings should be taken near 
the top, in the middle, and near the bottom of the opening. 
The average result is taken as the velocity of the air through 
the window. • * 

This velocity in feet per minute x the area of the aperture 
X 60, gives the amount of air in cubic feet per hour entering 
or leaving the room through this opening. 

In the same way the amount of air entering or leaving the 
roon, by any other aperture may be found. • 

It will be understood that OTily an approximate idea c^the 
amount of air entering or leaving a room can be obtained by 
means ol the anemometer. . 

• It is difficult, for example, to measure the amount of air 
which enters a room under the door, which is often the chief 
means of access of fresh air to a room. 

From the measurement of the cubical contents of a room, 
and the amount of air which is entering or leaving the room* 
pe'i' hiJUi.ar-'Alculation should be made of the number of flmes 
per hour the air of a room is being changed. 

It is generaiy agreed that three times per hour is usually 
the maximum number of changes of the air pf a room, which^ 
can be borne with comfort in this country, although, with a 
coal fire, the amount of air passing up the chimney often givft 
a v^lue which is probably greatly in excess c.' this. , 

CALCULATIONS ^EJ.ATING TO TIJE CARBON DIOXIDE 
. CONTENT Or’THE AIR OF A ROOM. 

I. If the initial air space per person ir? a room is njoo < 
cub. ft.. Which is a suitable standard, what amouft of fre^ air • 
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per hour is required to dilute the products of respiration of 
each person, so that the carbon dioxide content does not rise 
abofe 0'06 per cent. ? , • * , 

0‘06 per cent, of COj corresponds to 0’0006 cub. ft. COj 
m I cub. ft. of air, an increase of 0 0002 cub. ft. cti COj over 
the amount normally present in fresh air. « 

.-. 0'0002 cub. ft. COj is the exces^'allowable in i cab. ft. 
of air. 

.•. 0'6 cub. ft. COj (the amount produced per person per 
"hour) is the excess allowable in 

I X 0'6 r ■ 

-= 3000 cub. ft. of air. 

00002 

Hence 3000 cub. ft.' of fresh air per hour are required to 
dilute the products of respiration from one person; but if the 
initial air space per person is 1000 cub. ft., the amount of 
fresh air required per hour per/iperson is 2000 cut 5 . ff.^ The 
result might also be stated as follows: One person produces 
in one hour sufficient carbon dioxide to raise the percentage 
of this substance in 3000 cub. ft. of air from 0‘04 to 0'06. 

2. The carbon dioxide content of the air of a room 
••0 X 10 X 20 ft. after occupation by two persons for one hour 
is ffiund to be O'og per cent. What volume of fresh air has 
been admitted to the room during the period of occupation ? 

Assuming that thp COj content of the air oC the room 
before occupation was 0'04 per cent., the carbon dioxide due 
to respiration is 0 09 - 0 04 = 0’05 per cent • 

Amount of carbon dioxide produced by respiration by two 
persons in one hour = 0'6 x 2 = r2 cub. ft. 

I Since the air of the room after ^occupation contains O'OS 
pertfent. COj due to respiration, o'ooos cub. ft. Gfti'ps€^u*ed 
by respiration is distributed through i cub. ft. of air. 

. •. 1 "2 cub. ft CO, are distributed through ^ ^ - L , 

, " . oooos 

240® cub. ft of* air. 

Volume of air in the room = 10 x 10 x 20 = 2000 cub. ft. 

.•. 2400 - 2000 = 400 cub. ft of fresh air have been sup- 
plifed during tha hour the room was occupied. •• 

3. iT two persons occupy a room of 2000 cub. ft. for three 
hours, and 1000 cub. ft. of fresh airier hour are supplied, what 
will be the percentage of carbon dioxide in the a>r of the room 
at iip end (Jf the period of occupation? 

• In thjj <^sep’6 x 2 x 3 = 3’6 cub. ft COj are cfistributed 
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through 2000 + 3000 = 5000 cub. ft of air, so that the aif 
xintains 0-072 per cent COj due to respiratioa This carbon 
jiagcic^e with the 0-04 per cent, normally present in fresb »ir 
Jives a total percentage of 0-II2. 

4. If two persons occupy a room of 2000 cub. ft for eight 
liours, what vplume of fresh air per hour should be supplied, 
in or(ier that the carb«n dioxide content of the air shall not 
exceed 0'66 per cent ? 

C|rbon dioxide produced by respiration during occupation 
of room, 0-6 x 8 x 2 = 9-6 cub. ft • 

. in order that the carbon dioxide content (due to respira¬ 
tion together with that normally present in the air) shall not 
exceed o-o6 per cent., 0-0002 cub. ft COj due to respiration 
is to be distributed in i cub. ft of aiii 

.-. 9-6 cub. ft CO, distributed in — -cub. ft of air 

0-0002 

48,000 cub. ft of air. 

Air originally present = 2000 cub. ft 

. -. 46,000 cub. ft of air must be added during the eight 
hours 

= 5750 cub. ft per hour. 

It will be noticed that it is assumed in the above caicula, 
tions that the fresh air is supplied at a constant rate. Vhis 
is unlikely to be the case, however, with any system of natural 
ventilation owisg to changes in the diipction of the wind, etc. 



Chapter VIII.* 
GASEOUS FUELS. 


An outline of the methods employed in the manufactuie of 
coal gas, producer gas, water gas, carburetted water gas, etc., 
is given in the lectures. 

In connection with this subject see articles on “ Fuel ” and 
“ Gas,” Thorpe’s “ Dictionary of Applied Chemistry ” (Long¬ 
mans). 

ANALYSIS OF COAL GAS BY MEANS OF THE HEMPEL 
APPARATUS. 

Fill the measuring tube of the Hempel burette (Fig;. 12, A, 
p. 192) with water which has been saturated with coal gas. 
This saturation is accomplished by allowing a stream of the 
gas to pass for about two minutes through about 300 c.c. of 
water contained in a 500 ac. bottle. The bottle,, s.s then 
stoppered and shaken' for a few minutes. 

Attach a rubber tube, from which coal gas is escaping, to 
the capillary tube attached at L (Fig. 12, A), open the tap K 
and the clip L, and allow rather more than 100 c.c. of coal 
gas to enter the meas.uring tube. Cl,ose the tap K and the 
clip i,, and remove the gas supply tube. Open theta^v and 
by raising the pressure tube compress the gas in tne*measuring 
tube until its volume is exactly lOO c.c. Close the tap K and 
open the clip L momentarily, so as to allow the excess of gas 
'"io escape, and then make sufe that exactly 100 c.c. of gas at 
atmospheric pressure are contained in the measuring tube, i.e. 

‘ when the tap K! is open and the levels of the water in the 
pressure afid measuring tubes are the same. . 

' The .constituents of the coal gas are now'to be absorbed in 
the following order:— > 

(1) Carbon dioxide by potassiurh hydroxide soKition. 

(2) Oxygen ^y sodium hydrosulphite or alkaline pyro- 
gaBaie solution. 

(206) 
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(3^ Olefines and aromatic hydrocarbon vapours by ftmin^ 
sulphuric acid. ^ 

,(.0 Carbon monoxide by an acid solution of cuprsus 
thloride. ’ , 

This leaves a gas consisting of a mixture of hydrogerf, 
methane and ^nitrogen, the amounts of which are determined 
by explosion with air,«as described on page 208. 

The solutions required for the pipettes for the absorption 
of carbon dioxide and oxygen have been described previously. 

llie pipette filled with fuming sulphuric acid should bo 
handled with great care on account of the strong corrosive 
action of the absorbent, and care must be taken that no water 
is allowed to enter the pipette through the capillary tuliewhen 
the gas is being introduced. » 

Olefines are absorbed by fuming sulphuric acid owing to 
the formation of esters, e.g.— 

- * -> CjH.HSO,. 

Benzene and its homologues are absorbed owing to the 
formation of sulphonic acids, e.g.-—■ 


QH, + H,SO, ^ C,H,SO,H + H, 0 . 

The solution of cuprous chloride for the absorptiop of 
carbon monoxide contains 30 gms. of cuprous chloride dis¬ 
solved vPitJO c . c . of water and 150 c.c. of concentrated hydro¬ 
chloric acid. ’A few strips of copped foil should be added 
when the solution is made up. Owing to the action of the 
oxygen’ of the air on the reagent, a double Hempel pipette 
should be employed for this solution. 

Cuprous chloride ab.'prbs carbon mo.noxide owing to the 
formation of an unstable compound, CujClj. CO. ^ 

’Thetransference of the gas from the burette to a pipette 
is carried out as described on page 193. 

*lf 100 c.c. orgas are taken, the diminution in volume, after 
absorption of any constituent, givbs at once the percentaffe of- 
that constituent in the original coal gas. 

It is important to remember that the gas in the measuring 
tube after abs»rption of any constituent must be measured,at 
atmospheric'^ptessffre. That is, the clip L muA be closed, the 
tap K open, and the levels of the water in the pressure and 
measuring &bes must be the same. 

It should aflso be noted that it is often jdvis§ble to pass 
the gas iuto contact with the 'reagent m a pipjtte a setirfid 
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time, in order to ensure complfete absorption, mis is especi¬ 
ally the ease in the absorption of carbon monoxide, or in the 
case;of a reagent which has been in use for some time. 
Example :— 

100 C.C. of coal gas. 

Volume after absorption of carbon dioxide = 98 "6 
Per cent, of carbon dioxide = i •4. r 
Volume after absorption of oxygen = 98-2 
Per cent, of oxygen = 98'6 - 98*2 = 0'4. 

Volume after absorption of olefines and vapours of aro¬ 
matic hydrocarbons = 93. 

Per cent, of olefines, etc., 98‘2 - 93 = 5-2. 

Volume after absorption of carbon monoxide = 84-0 c.c. 
Per cent, of carbon monoxide = 93 - 84 = 9'0. 

Determination of Methane and Hydrogep. 

The gas remaining after the absorfition of the carbon 
monoxide consists of hydrogen, methane and nitrogen, for 



Fig. 16.—Explosion Pipette. 


the det^rminatibn of the amounts of which Sn explosion pipette. 
Fig. 16, may be employed. > <- 

In this pipette the bulb a has two platinum wlfres c, fused 
into the gla^ss, bv means of which a spark distharge can be 
pa( 4 sSd through the gas contairted in the bulb. The. bulb a is, 
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also fitted with a stop-cock d, Sind is connected to theljulb*^ 
by means of pressure tubing. • 

, B.y opening* the stop-cock and raising the bulb b, the^bgilb 
a and its capillary tu&e are completely filled with mercury,*, 
which is the confining liquid in this case. The pipette is no** 
ready for use,, 

The capillary tube* is fitted with a short length of pressure 
tubing, fastened on with wire and carrying a good screw clip. 

i^xplosion of the mixture of hydrogen, methane and 
nitrogen with air, gives rise to water and carbon dioxide, the 
nitrogen remaining Qnchanged mixed with the excess of air. 

From the contraction observed on explosion and the 
volume of carbon dioxide produced, the amounts of methane 
and hydrogen are determined as follows:— 

From the equation 

(I) ’ CH,+ 20**-* COj + 2HjO 

I vol. + 2 vols. -» I vol. 

3 vols. -» I vol. (a contraction of two 
volumes) 

it will be seen that the volume of methane is equal to the 
volume of carbon dioxide produced by its combustion. 

Oxygen is used both for the combustion of the methane 
and for ’•.he hydrogen, the combustion of which takes place 
according to the equation, 

{ 2 ) 2 H 2 + Oj -» 2 HjO 

2 vols. I vol. -» no appreciable volume. 

3 vols. 

The"water which is produced in both cases occujji » IIU 
appreciable vokme, since it condenses. 

It will be seen, therefore, that the contraction in volume 
which takes place owing to the"combustioB of the methan^, 
must be twice the volume of the methane present, since oge 
volume of methane and two volumes of oxyf^n give only onem 
volume of cariion dioxide (Equation i). • 

The totii contraction on explosion is measured. 

The volume offnqthane is equal .tb the volume 01 caroon 
dioxide pioduced, which* is determined by absorption by 
potassium hydroxide solution ; so that the^.total contraction 

* ThU explosion pipette should always be used over a m^cury iray. - 
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on explosion minus twice the ‘volume of carbon dioxide pro¬ 
duced fftim the methane, gives the contraction due to the 
coRifeustion of the hydrogen. That is, the total contraction 
n}inus the contraction due to the combustion of the methane, 
e‘quals the contraction due to the combustion of the'hydrogen. 

From equation (2) it will be seen that as a- result of the 
combustion of the hydrogen three volufnes of gas disappear, 
of which two volumes are hydrogen, or \ the contraction due 
to the combustion of the hydrogen is hydrogen. , 

Owing to the fact that a large excess of air must be mi'ked 
with the gas before explosion, it is not possible to use the 
whole of the residual gas after absorption of the carbon 
monoxide for the deterrrfination of hydrogen and methane. 

After the absorption of the carbon monoxide transfer the 
gas, with the exception of about 15 c.c., from the burette to 
the pipette containing cuprous chliride solution. Tlie.gas in 
this pipette may be used if a second determination of the 
hydrogen and methane should be necessary. 

Close the clip L, attached to the measuring tube of the 
burette, and measure the volume of gas now contained in the 
Vibe, with the tap K open, and the tvater in the pressure and 
mestliuring tubes at the same level. Lower the pressure tube 
below the level of the bench, open the tap K and th^clip L at 
the top of the measuring tube and allow air to*enter until the 
total volume of the gas is about 95 c.c. ' • 

Take care that none of the gas originally in the measuring 
tube escapes during the admission of the air. 

Close the clip L and measure the total volume of gas in 
• the measuring tube. ‘ , . ■ 

Transfer the whole of the mixture to the explbsionTJipetle, 
and by lowering the bulb b, reduce the pressure in the bulb a 
of this pipette, in order to diminish the force of the explosion. 
Close the clip on^the pressure tubing attached to the capillary 
tube ofjthe explosion pipette, and the stop-cock d attached to 
^ the bulb a. 

Pass a, spark through the gas by means of an induction coil, 
and notice if a flash is apparent when the spark if passed. 

TraiTsfer the gas to .the measuring tube of the burette and 
measure the residual volume. > 

The original volume (hydrogen + methane nitrogen -t- 
t air^lminus volunk; after explosion = total contraction. 

^Transferc>he gas to a pipette containing potassium hydrox- 
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4 d« solution, allow it to remain in the pipette for five^ minutes, 
transfer to the measuring tube and note the diminution in 
vdlume, due to the absorption of carbon dioxide. This'grves 
the volume of carbon dioxide produced by the combustion af 
the methane, and hence the methane in the volume of “ re¬ 
sidual ” gas taken for the determination. 

Calculate the volume of methane which would be contained 
in the total volume of gas left after absorption of the carbon 
monaxide. This will give the percentage of methane in the 
original coal gas. 

Find the contraction due to the combustion of the hydrogen, 
by deducting twice the volume of carbon dioxide produced 
by the combustion of the methane from the total contraction 
observed on explosion. 

Two-thirds of this contraction, due to the combustion of 
the hyckogen, is the volume of hydrogen in the volume of 
“ residual ” gas takeg for t^^experiment. 

Calculate the amount of hydrogen which would be present 
in the whole of the residual gas after absorption of the carbon 
monoxide. This gives the percentage of hydrogen in the 
original coal gas. The sum of the percentages of all the con¬ 
stituents which have now been determined deducted from 106 
gives the percentage of nitrogen in the gas. 


Example :— 


Volume of gas after absorption of carbon dioxide, oxygen, 
olefines, etc., and carbon monoxide from lOO c.c. of coal gas 
= 84 'O c.c. “ recidual” gas. 

Vnlume of this gas tfken for analysis = 15'O c.c. 

„• ,, + air „ „ = 95‘2 

„ „ gas after explosion = 71 ’6 c.c. 

.•. Total cotftraction on explosion = gy2 - 7r6 

.• = 23 C.C. 

After absorption of the carbon dioxide produced by com¬ 
bustion of the methane the volume = 65 "4 c.c» 

Volume of CO2 = yi'd - 65'4 

= 6'2 C.C. 

6‘2 C.C. of mej;hane were present* in 15 c.c. 01 tne - re¬ 
sidual ” gas 


15 C.C. “ residual ” gas contained 6’2 
84 C.C. “residual” gas cbntained 


c.c. methane. 

/C. 


15 
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100 c.c. original coal gas contained 347 c.c. of methyie. 
The tontraction due to the combustion of the hydrogpn 
= total contraction - the contraction (Jue to the combustion 
'Of the methane (i.e. twice the volume of CO2 from the CH^} 


= 23-6 - 12-4 

= 11-2 C.C. 

*• . - 

Two-thirds of this is hydrogen, i.e. f x ii-2 =7-5 c.c. 

.-. 15 C.C. of “residual” gas contained 7'S c.c ofhydrogen. 

.•. 84 c.c. contained ^ ^ ^ = 42-0 c.c. 

IS 

or per cent, ofhydrogen in original coal gas = 42. 


Summary :— 

100 C.C. of coal gas contained r4 c.c. COj 

5’^ ,, olefines, etc. 
9-0 „ CO 
347 » CH, 

42-0 „ Hj 


927 

, per cent, of nitrogen in the coal gas = 100 - 927 

7 ' 3 ' 

« 

Assuming that the olefines, etc., are present only as ethylene, 
CjH^, calculate the volume of air required for the ccJtnplete, 
combustion of one volume of coal gas of which the composi¬ 
tion is as above, 

Determination of “Sulphur” in Loai-gas. 

Coal gas does not contain free sulphur, but compounds of 
sulphur such as,thiophene,.C^H^S, are invariably present in 
’the gas, In view*of the fact that these sulphur compounds, 
8n combustion, give rise to sulphurous , and then sulphuric 
acid, theit presence in coal gas is a matter of some importance 
from the point of view of Hygiene. Sulphuretted hydrogen 
should not be present 4n coal gas. This^ substance is tested 
for by passing the gas over filter paper moist^ed with a 
solution of lead acetate, when no darkening duf to the fortna- 
tiffnjof lea(? sulphido should bp observed. (See “ Notification 
of^the Qa? flttferees," 1918, p. 7.) 
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,For the method employed for the determination of the 
total “ sulphur ” in coal gas, see “ Chemistry of Petroleum,” 
bjfcXinkler and Challenger, p. 169, and “Notification of 4he 
Gas Referees,” 1918, p. 7. 

THE USE OP COAL GAS FOR LIGHTING AND HEATING 
• PURPOSES. 

• GAS BURNERS. 

Flat Flame Gas Burners. 

In a fish-tail burner, the construction of which is shown in 
the diagram (Fig. 17, A), the gas passes through cotton gauze, 
and at the top of the burner two jets of burning gas are made 
to impinge on one another. This may be illustrated by two 
small gas flames burning at the ends of glass tubes drawn out 
to fine jets. It will be nofcd that the flame of the gas burning 
at the open jet is qifTte unsuitable for purposes of illumination, 
but that when the jets impinge oii one another, the shape of 
the flame, produced in a plane at right angles to that of the 
two jets, approximates to that obtained with an ordinary fish¬ 
tail burner. , 

In the batswing burner the gas issues from a fine slit,'and 
the so-called Eureka economiser is constructed on the same 
principit. . 

• For purposes of illumination these flat flame burners are 
quite unsuitable for the combustion of coal gas as now supplied, 
pwing to the low natural luminosity of the gas. This is es¬ 
pecially the case now that benzene and toluene vapours are 
being removed from the'coal gas. 

Iv should be noted, however, that the amount o# htai 
radiated from such flames is considerably greater (about one 
and a half time!) than that from the flame of a Bunsen burner 
consuming the same amount of, gas, although, of course, the 
total amount of heat produced by the combustion of,a given 
quantity of gas is quite independent of the tjipe of flame pfb- 
duced, provided that combustion is complete. 

The effect of the presence of benzene, vapour on •the 
luminosity of coal gas may be illustrated by meaiTs of the 
apparatus .^hown in* tlfe diagram. Fig.* 17, B. 

In this apparatus the glass tubes C a^jd D are packed 
loosely with cotton wool. 

Batswing or fish-tail burners are attached to (&nd D at'the. 



APPLIED CHEMISTRY 


214 

upper 'ends, and the gas is supplied to the apparatus by means 
of a T tube. 

.lyhen flames of equal size have been obtained, by regulatipg 
the screw clips E and F, the gas is turned off and the rubber* 
biing at the upper end of one of the tubes C or D is removed. 
A few drops of benzene, CjH,, are then allowed to drop on 
the cotton wool in this tube. On re-lighting the gas jqts, it 



will be found that the gas containing the benzene vapour burns 
v^th increased luminosity. 

Conversely, coal gas which is passed through absorption 
towers containing pumice moistened with fuming sulphuric 
acid (see p. 207), is entirely devoid of odour, aind burns with 
a practically non-luminous flame. * * 

It should be noted that the removal of benzene, tcduene, 
etc., from coal gas causes a- 3 iminution of the calorific power 
as well as of the illuminating power of the gas. 

The Bunsen Flame. 

It is well known that in the production of this flame, a cer¬ 
tain amount of air is mixed with the coal gas before combustion 
is effected. This primary air (about two volumes of air to one 
vcJume of coal gas, see p. 216) is drawn in owing to the fact 
•that the gas enters the burner through a fine hole, and conse- 
queptly at a high velocity, thus causing a sl^htvliminution of 
pfessure<near the air hole of the burner. 

The construction of a Bunsen J)urncr 'and its.method of 
action is illustrated by means of the apparatus shown in tte 
(diagram, Fi^ , 

’ ^'is a gjj^ss tube about 3 Yt. (100 cms.) long and I tacfe’ 
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^2^ eras.; internal diameter. A glass tube, drawn out t<J a fine 
jet, serves to introduce the coal gas, and a movable cork is 
pljce^ on this tube. 

' By sliding this cork up and down it is possible to regulate, 
the amount of primary air introduced. When no primary aft 


is admitted, it will be found that the gas 
burr\p at the top of the tube with a large, 
irregularly shaped, luminous flame. 

By slowly lowering the cork on the 
gas inlet tube, air is allowed to mix. with 
the gas, and the flame at the top'of the 
tube A gradually assumes the appear¬ 
ance of an ordinary non-luminous Bunsen 
flame. 

By diminishing the supply of gas, by 
means of a acrew clip on the rubber gas 
supply "tube, it will be nwtjfed that the 
inner cone of the flme becomes smaller, 
and that when the ratio of gas tc air in 
the tube A reaches a certain value, {he 
flame .strikes back and the gas burns at 
the inlet tube. When this happens the 
gas should be immediately turned off. 

The explanation of this phenomenon 
is as-'follows Partial combustion of the 
jcoal gas, due to the admission of the 
primvy air, takes place at the surface of 
the inner cone of the flame C. In the 
region marked B there is a mixture of 
unburnt gas and prima% air. 

, iiitsr-conal gas D consists of a 

mixture of carbon monoxide, hydrogen. 



carbon dioxide* water vapour and nitro¬ 
gen. No free oxygen is pres^n^ 

Complete combustion with the forma¬ 
tion of carbon dio.xide and water takes 



place at the surface of the outer cone E. ' ' 

When th8 inner cone remains stationary, the velocity of 
the gaseous mixture issuing from thf tube A, is eqaal to the 


initial rate of pnjpagatiyn of the ‘combustion through the 
particular mixture of coal gas and air leaving the tube A. 
When, how’ever, the amount of coal gas,relative to the amount* 
of air is'diminished, a more explosive mixture i^obtained'ancl. 
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the vefocity of the mixture leaving the tube A is now less than 
the initial rate of propagation of combustion through the mix¬ 
ture the explosion then travels down the tube and thg gas 
bi^rns at the inlet tube. The combustion, however, under* 
these conditions is not complete, as is shown by the objection¬ 
able smell noticeable when a Bunsen burner “ stp’kes back”. 

For example, the presence of acetylene, C^Hj, in therpro- 
ducts of this incomplete combustion may be shown by aspirat¬ 
ing the products of combustion through a solution of cuprous 
diloride containing ammonia, when a red precipitate of cuprous 
carbide (or cuprous acetylide) is produced, ' 

. CujClj + CjHj -»■ CujjCj + 2HCI. 

The experiment may jtlso be carried out by simply holding 
an inverted gas jar for a few seconds over a Bunsen burner, 
which has been allowed to “ strike back,” and then shaking up 
the gas so collected with a solujian of ammoniacal ^luprous 
chloride. * 

If instead of a tube of uniform bore A, Fig. 18, a tube 
having a constriction nfear the top is employed, it is possible, 
by careful regulation of the supply of gas entering the tube, 
to arrest the descent of the inner cone at the constriction of 
the Vibe. The reason for this is that, at the constriction, the 
upward velocity of the gaseous mixture is greater than at the 
open end of the tube, and is also greater than the inittal rate 
of propagation of the combustion through the gaseous mixture, 
in the tube. This phenomenon of the separation of tl\p two 
cones of a Bunsen flame is illustrated by means of the Smithells 
flame separator, see p. 217. 

The phenomenon of “ striking baek ” of .a flame will also 
be illustrated by means of various lecture experirnpncs. ^ , 

The greatest amount of primary air which can be intro¬ 
duced into an ordinary Bunsen burner, without causing striking 
back, is about two volumes of air to one volume of coal gas, 
whereas for the complete combustion of coal gas the volume 
oftair required is approximately five times that of the gas 
burnt. If, however, the burner' be fitted with gauze to pre¬ 
vent striking back (see experiments with wire gtuze, p. 218), 
the amount of primary air may be increased* to the extent of 
three-fifths or four-fifths Kif the total ansoimt of air required 
for combustion. 
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The Smithells I^lame Separator. , 

• 

, T^he separation of the inner and outer cones of a Bjinsen 
“flame is well illustrated by means of this apparatus, the con¬ 
struction and mode of action of which is as follows ;— 

Two glass tubes of different diameters, one of which can be 
mo\«d up and down inside the other, are joined by means of a 
piece of wide rubber tubing A, as shown in the diagram. Fig. 
19. ^ The inner tube is kept in a central position by means of 
a brass ring B. The open ends of both tubes are 
0 fitted with short lengths of metal foil. 

A mixture of coal gas and air is introduced 
into the inner tube by means of a T tube, one 
limb of which is attached to the g.'-s supply, and 
the other to a supply of compressed air obtained 
by means of a water blower. The inner tube 
mayj however, be attached,directly to a Bunsen 
burner having a lifrge hole for the admission of 
primary air. 

The proportions of air and gas are then ad¬ 
justed, so that the initial velocity of propagation 
of the flame, through the mixture entering the 
inner tube, is greater than the velocity of the 
gaseous mixture leaving the outer (wide) tube, 
but It'S? than that of the mixture leavjng the inner 
. tube. When this is the case, the inner cone rests 
on the top of the inner tube, and the outer cone 
on the outer tube. 

By means of a side tube the gas between the 
cones can be drawn off and its composition de- 
ternyined. It is found to consist of carbon mon¬ 
oxide, carbon dioxide, hydrogen, water vapour 
and nitrogen ^from the primary air). 

No free oxygen is present, 50 that no combus- 


A 


n 


Fig. 19. 


tion is possible between the inner cone the surface of the 
outer cone of a Bunsen flame. ^ • 

The gaseous mixture, however, between the two cones R 
at a high^ teftiperature. , • 

At the surface of the outer cone ^e carbon montjxide a*nd 
hydrogen^ are cotnjJletejy oxidised to carbon dioxide and 
water. 
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’ Filrthft- Experiments to Illustrate the Structure of 
Bunsen Flame. 

It'may be shown, by very simple experiments, thatrtHfe 
co;mbustion, due to the admission of primary air, takes, place at 
the surface of the inner cone and not throughout the whole of 
this region. 

1. A match supported vertically in tfie tube of a Budsen 

burner by means of a pin, so that -the head of the match is 
about 2 cms. above the end of the burner tube, is not ignited 
when the gas from the burner is lighted. ^ 

2. If a piece of cardboard, on which red mercuric iodide* 
has been rubbed, or a piece of asbestos paper, is placed for 
a few seconds (a) vertically in the flame, (d) horizontally in 
the inner cone of the flamd, vertical and horizontal sections of 
the flame are obtained. 

The colour change in the case of^the asbestos papeuis due 
to the carbonisation of the oil in fne mate/Ial. 

Although combustion only takes place at the surface of 
the two cones, the portion between the two cones changes in 
colour owing to the high temperature of this region. 

< Tke Action of Wire Gauze in Arresting the Progress of a 
Flame .—This phenomenon, which is made use of in the con¬ 
struction of many types of gas burner, may be illustrated by 
placing two pieces of wire gauze, one above tfie other and 
.about one inch apart, over an unlighted Bunsen burner. On 
turning on the gas this may be lighted {a) below the Ibwer 
gauze and above the upper at the same time ; {b') between the 
two pieces of gauze only. ‘ 

^ ‘ The explanation usually given is that, owing to conduction 
of hea^ by the gauze, the unburnt gas passing through is 
cooled below its ignition temperature. 

It will be noticed in the experiments described above, that 
wjjpn the gauze becomes red Hot, the flame usually passes 
through. « 


Incandescent Gas Burners. 

* * 4» 

‘The application of Jthe Bunsen flame Tor purposes of 
«illumination, in the so-called incandfsceiYt fighting hy means 

* Mercuric iodide (r^i) when heated is changed to a yellow*niodification of 
.^tbe substance. This yellow substance is,Jiowever, easily rticonverte^^into the 
mUiiication si^nly by friction, ^ 
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of uprigftt and inverted burners, is well known. Numercftis 
dSTerent types of both kinds of burners are in u^e. The 
main object is to get a flame of as high a temperature as pos¬ 
sible, and to adjust the shape of the flame so that the rfiantle 
just fits on its outer edge. The higher the temperature of the 
mantle, the greater is the amount of light emitted by it. 

Upright Incandescent Burners. 

in the upright burners the gas passes through fine holes C 
in the base of the burner, Fig, 20, at a high velocity, whiih 
causes an inrush of primary air. The gas mixed 
with this air passes through a gauze or grid, which 
ensures proper admixture and prevents striking 
back (see p. 216). 

If too much primary air is admitted, roaring is 
produced, and on most burners there is a simple 
device for diminishing the'amount of primary air 
which is introduced. 

To examine the construction of an upright in¬ 
candescent burner, remove the mantle carefully 
from the mantle rod by means of a piece of wire or 
a long pin. The mantle is then suspended inside 
the lamp chimney. 

Remove the upper part of the burner which fits over the 
tube A. Unscrew the tube A at B,<and clean out the small 
• holes C by means of a pin. Note the primary air inlet holes 
D. •Clean the gauze of the burner by means of a brush, after 
removing the mantle rod. Replace the burner and examine 
the flame. Turn off" the gas, replace the mantle and adjust 
the jupp'y of gas and ’primary air until the best light is ob¬ 
tained. 

As much |)rimary air as possible should be allowed to 
enter the burner, otherwise there is the possibility of a deposit 
of soot on the mantle. 

It is, of course, a matter ol common expeneivce mat a 
better light is often obtained with an incandescent burner 
when the gjs supply is slightly reduced. 

Inverted Incandescenl> Burners. 

* • • 

The chief advantage of the invertedyburner is that the 
shadow of burner is projected ugwams, ^d not dowiv-g 
wards hs in the upright burner. One of the drawbacks to all 
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inverted incandescent gas burnfers, howevep, is that the hgt 
products ffif combustion pass up over the burner, which is, 
thereby corroded. 

On the other hand, the mixture of gas and primary air 
in Iche burner is heated, thus effecting an economy of heat, as 
in the so-called regenerative burners. , 

In these inverted incandescent burnenr; various devjceSfare 
employed for regulating the gas and primary air supplies. 
Usually there is a fine adjustment for the gas supply, „the 
construction of which is shown in the diagram. Fig. 21. 



' Theiolug A may be raised or lowered by means of a screw. 
B. The primary air inlet is shown at D, the gauze at C, and 
the mantle at E. 

In other types of inverted burners there is no fine adjust- 
mdht for the gas, which enters the burner through a series of 
fine<ioles,‘as in tlje upright burner. 

‘ To obtain the most suitable flame for an inverted burner, 
.adjustthe gas andfiir supplies, after removing the ftiaptle, until 
I the'length ‘of the inner qone of the flame is approximately 
•twice the diameter of thetiozzle of the buAier, ancj the gas 
burns without noisa- ^ 

«* As in the case bf tbe uprigh^ burner, the ffame obtained 
before the ma^'-le is in position should be perfectly non- 





ILLUMUNATlNli Jr-UWtR J 2 I 

luminous, or a "deposit of ^oot will be obtained 'on the 
piantle. • 

, ^hen replacing a globe of an inverted burner, the screws 
supporting the globe must be left slightly loose to allow for 
expansion. 

A comparison of the amounts of gas consumed by a bats¬ 
wing and an incandoscent burner should be made by means 
of the experimental meter, and a comparison made of the in- 
tenjity of the illumination obtained with the two flames, by 
means of a simple photometer (see textbooks on Physics). » 

The Illuminating Power of Coal Gas. 

For the official method of testing coal gas for illuminating 
power see “ Notification of the Gas Referees,” 1918, p. 5. 

connection with the use of coal gas for purposes of 
illumination, the terms “vapdle power ” of a flame and of a gas 
require some explatiation. 

The unit of illumination (i candle power) is that obtained 
from a standard sperm candle, of which there are six in one 
pound, burning at the rate of 120 grains in one hour. For 
practical purposes, however, the Harcourt pentane lamp, wljich 
has a candle power of ten, is usually employed. '' 

By a flame of x candle power it is understood that the 
illuffiinaliing.power is equal to that o/';r standard candles. By 
a coil gas of y candle power it is understood that the gas is 
burat at a specified rate (5 cub. ft. per hour, measured at 
60° F. and 30 ins. of mercury and saturated with water vapour) 
in a standard, Argand lamp, and that the flame produced has 
an Illuminating power»equal to that of^ standard candles. • 

The Illuminating power of coal gas, as supplied before the' 
war in various parts of this country, varied from 13 to 20 
candles, * 

With a flat flame burner (fifh-tail or batswing) the illumina¬ 
tion produced with coal gas, as at presedt supplied, is pfbb- 
ably less than 2 candles per cubic foot of gas burnt per hour, 
whereas with an upright incandescent burner an efficiency'as 
high as 15 fo 23 candles per cubic foot of,gas burnt may be, 
obtained. Thus, on this basis with an average cflal gas, an 
ordinary ,uprightf incandescent bufner, consuming 6 cub. ft' 
of gas per hour, would give a flame of fr^m 6 x 15 = 90 to 
6 X 25 = 15t» candle power. With an ingertad incandesce*^ 
burner a still higher efficiency is obtained. 
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Until quite recently it was necessary that coal gas should 
conform tb a legal standard as regards illuminating power; in 
vie^<■, however; of the general adoption of,incandescent lighting,, 
arjd the necessity for the removal of aromatic hydrocarbons 
from the coal gas for the manufacture of explosives, this 
restriction has been largely removed. It is probable, however, 
that a standard of calorific power (see {i. 234) will ‘be Sub¬ 
stituted for it at a later date. In this connection it should be 
noted that at the present time, if the gross calorific power of 
tHfe gas is not less than 450 B.Th.U. (113 Cal.) per cub. ft, 
the test for illuminating power may be omitted. 

The Pressure at which Coal Gas is Supplied. 

In connection with the use of coal gas for purposes of in¬ 
candescent lighting and for heating, the pressure (i.e. the ex¬ 
cess of pressure over that of the atmosphere) at 
which the gas is supplied is a matter of con¬ 
siderable importance. The amount of primary 
air drawn into the burner is dependent on the 
velocity of the coal gas which enters, and this 
velocity obviously depends on the pressure of 
the gas. This pressure may easily be measured 
by means of a U tube containing water ^s shown 
in the diagram. Fig. 22. 

The U tube carries a T tube, one limb of ■ 
which is attached to the gas supply and the other 
fitted with a short length of rubber tubing carrying a screw- 
clip. 

• Turn on the gas and close the sci'ew-clip on the rubber 
tube As- The difference in level between B and C gives the* 
pressure of the gas in inches of water. This pressure ugually 
varies from 2 to 4 ins. 

In connection with the use of coal gas for incandescent 
burhers a;id gas fire% it is very essential that the gas pressure 
shoiTld remain constant (see p. 224). 

For the pfficial method of testing the pressure at which 
tgas^is supplied see “Notification of the Gas .Referees,” 1918, 
p. II. '' 

High Pressure Gas. —Within the i^ast “few years jxi certan 
towns, gas has beefi supplied at pressures up tq 50 ins. of 
<)|ftte^ fpr pur^serf of« street lighting, etc. <5 wing ^o liiis 
high t)ressurq.,Vie gas enters the incandescent burner at a very 
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high velocity, ancf the amount'of primary air drawn into the 
burner is sufficient for the complete combustion of the gas, 
iV fl!>,me at a very high temperature is obtained and edhse- 
quently the efficiency of the mantle is considerably increasefh 
Owing t6 the high velocity of the gaseous mixture through 
the burner, striking back does not take place. 

With high pressiiVe gas the illumination produced is often 
as high as 50 to 70 candles per cubic foot of gas burnt per 
hou^. 


Incandescent Mantles. 

In the manufacture of incandescent mantles, a woven ramie 
fabric is first soaked in a solution ofthorium nitrate containing 
I per cent, of cerium nitrate. After drying, the organic matter 
is burnt off and a skeleton of oxides, produced by the decom¬ 
position of the nitrates,*is, obtained. This is treated with 
collodion (see p. lie) for protection, and the collodion burnt 
off after the mantle is placed in position on the burner. 

The explanation usually given of fhe great efficiency of an 
incandescent mantle, consisting of a mixture of 99 per cent, 
thorium oxide and i per cent, cerium oxide, is that the particles 
of ceria, being embedded in a badly conducting mass ofvharia, 
become very strongly heated. These particles of ceria also 
appear to haye a catalytic action on the combustion of the 
,coal gas, which tends to raise their temperature. If, however, 
a larger amount of ceria is present, the catalytic action of the 
substance is more than counter-balanced by its loss of heat by 
radiation, ceria being a substance which radiates heat freely. 

For details regardkig the manufacture of incandescent 
inantles '‘sc* “ Chemical Discovery and Invention Jn the 
Twentieth Century,” by Tilden (Routledge), and article on 
“ Gas Mantles,* Thorpe’s "Dictionary of Applied Chemistry ’’ 
(Longmans). 


GAS FIRES. 

In corineStion with the use of coal gas iqr gas nres, 16 will 
be noticed that at the present time tlye most efficierft gas fires 
consist of a series t)f'Bunsen jets, wBich al^ surrounded by up¬ 
right, perforated fireclay tubes, or so<allecX “ radiants”. The 
advantage of Biis arrangement is that Gompjete tombustion of 
the gas'is ensured, which is not the case in »^as fire \raer8 
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the fla'mes are distorted by bills of fuel, as in some of the 
earlier forms of these fires (see p. 231). 

•Iq a good modern gas fire approximately 50 per cent.^of 
.the heat generated by the combustion of the gas is obtained 
as radiant heat, 15 to 25 per cent, as “convected” heat and 
25 to 35 per cent, as flue heat,* whereas with the older types 
of gas fires the figures for heat radiated and convected »were 
reversed. For effect of this on the relative humidity, etc., of 
the air of a room see page 182. 

t- The corresponding figures for an open coal fire, using a 
good modern grate, vary considerably; they are, according! to, 
A. H. Barker, approximately as follows ;— 


Radiation 

Convection . ’ . 

Conduction . 
Chimney loss 

For a hot water “ radiator ” 


25 per cent. 

• • 5 ») ft 

15 „ „ 

55 .. 

the figures aive approximately:— 


Convection . ^ . . 88 per cent. 

Radiation . . . 12 „ „ 


With the earlier types of gas fires it was usual to attempt 
td yiunteract the diminution of the relative humidity of the 
air, due to the heating of the air by convection, by placing a 
bowl of water near the fire, but with the modert gas fire, 
owing to the relatively 'Small amount of the hea^ appearing as 
convected heat, the provision of this water is unnecessary. 

The thorough admixture of gas and primary air in ap¬ 
propriate proportions, in order to obtain the maximum flame 
temperature and noiseless combustion^ is of gfeat importance 
in connection with the use of coal gas for gas fireSj and a iarge 
amount of work has been done with reference to the design 
of burners for such purposes. It should be noted that if the 
burner is set, as regards admission of primary air, for a coal 
gas of a certain composition hncl density, and at a given pres- 
SU 85 , any marked deviation from this composition and pressure 
will diminish th£ efficiency of the gas fire. 

In exartlining a gas fire, note the arrangement for the fine 
control of the ga's supply, placed between the main'tap of the 
gas fire and the burner, 'and also the method adopted for in-' 
creasing or dimini^ing the amount bf primary air admitted. 

' <* Fcr methoi] by i^hich these quantilies of heat are det^mined fm a gas fire 

^ee Report of GasjKeating Research Committee (Proc, Insi. Gas Eng., l;og-igii). 
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A considerable amount of ivork has also been done with 
' reference to the size of the canopy above the gas firtf, and the 
doterpination of the distance from the bottom of the canOpy 
'to the top of the radiants, which gives the best results. If tl^& 
canopy is-too near the radiants, too much air is drawn over 
them and thpy are thereby cooled. Since the radiation of 
heaUfrofn a source varies as the fourth power of the tempera¬ 
ture of that source, it is obviously important to keep the tem- 
perajure of the radiants as high as possible. 

If all the products of combustion of a gas fire are removed, 
f tht amount of carbon dioxide in the air immediately adjacent 
to the gas fire canopy should not be greater than at a point 
four or five feet away. The determination of the carbon 
dioxide in air taken at these poi.it.i,* will therefore give an 
indication as to whether or not the products of combustion 
are being efficiently removed. 

It should be noted thSt in addition to the air drawn into 
the Hue through th^canopy of a gas fire, a certain amount of 
air is drawn past the sides of the fire qwing to the up draught 
caused by the hot products of combustion. If the outlet pipe 
attached to the canopy is carried a short distance up the 
chimney, it acts as an injector and the ventilating action ofThe 
gas fire is thereby enhanced. 

Th? Radiation of Heat from Flames. 

'Comparison of the Amounts of Heat Radiated fro 7 n {a) a Bunsen 
Flame, (fi) a Bunsen Flame surrounded by a Gas Fire 
“ Radiant ”. 

The fact that the amount of heat radiated from a Bunsen 
il-jme, which, under ordinary conditions is about 12 p^ cent, 
of the total heat generated, is very greatly increased when the 
flame is surrouifced by a fireclay “ radiant ” may be illustrated 
as follows. [It is perhaps unnecessary to point out that the 
total amount of \\t 3 X generated in both casti^is the saye, if flie 
same quantity of gas is consumed, but it is the proportion of 
heat radiated to heat convected which is increased by the fire¬ 
clay radiant.]* 

Arrange two Bunsen burners to .give similar flSmes at a 
distance of about ■’I& inc[jes apart. *The yiternal diameter of 
the Bunsen tubes should be about i'3 cmK If such burners 

* A s^jpple for analy.sis by Pbttenkofer’s meth 4 d iii»such a aasffmay* 
be taken by employing a email hand bellows or ball syringe 184). • 

15 
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are nof available, short length^ of brass tube ol this diameter 
may be fdaced over ordinary Bunsen burners. ^ ' 

•Svspend a gas fire radiant over one of the flames by mesyas 
of a piece of thick copper wire. When this radiant has reached' 
its maximum brightness, place a board carrying a thermometer 
with blackened bulb on each side of the board^ exactly mid¬ 
way between the two burners. The bulbri of the thernjomfiters 
should be at the same height and approximately opposite the 
centre of the radiant. ^ 

' Note the time required for the thermometers on each side 
of the board to register a rise of 5° C. and the temperature, 
indicated by each thermometer after five minutes. It will be 
found that the thermometer exposed to the “ radiant,” at the 
end of a given time, registers a temperature which is consider¬ 
ably higher than that shown by the other. 

Instead of thermometers, tubes containing a lay^r of a 
mixture of diphenylamine, (C,If5)a'NH (4 parts), and para- 
nitrobenzaldehyde, C,H4(NOj)CHO (i part), may be employed. 
This mixture when hqated to 100" F. assumes a deep red 
colour which disappears on cooling. If such tubes are em¬ 
ployed note the time for the red colour to appear in both 
CE^es. 

fhe tubes containing this mixture are filled as follows :— 

Some of the solid mixture of diphenylamine and the nitro 
compound is placed in % test-tube and melted. . Another test- 
tube of slightly smaller diameter is then placed in this tube, so 
that the liquid forms a thin layer between the tubtS) On 
cooling, the red liquid forms a colourless solid. 

The amounts of heat radiated frcAn the two sourcesjnay 
also, of course, be compared by means of a thelmopile con¬ 
nected to a galvanometer. 


GEVSERS. 

•■Lieysers are inaae eitner on the “ open " or “ closed " (sealed) 
principle. ^In the former type the hot gases from the burner 
come into actual .contact with the water, whereaS in the closed 
type the heat passes through a copper partition to the water.- 
The advantage of tfie latter type i^ that, ?f the ajpparatus is 
suitably constructs, the geyser can be connected directly to 
tthe. water supply, as jn the sq-called “ circulators,” and hot 
jwatfer obtainectan any part of the house. In the opefi type, of 



SECTION OF GEYSER 


227 

apparatus the water must be delivered at a lower levfil than 
t^at at which it enters the geyser. 

, A vertical section of a Richmond “ Cam ” Geyser is shswn 
in Fig. 23. The arrWs indicate the direction of flow of the. 
water. • 

In moderij geysers the gas is usually burnt by means of a 



series of flat flame burners. Many cases of cjrbon monoxTde 
poisoning were due to the employment of bunsen, burners in 
the earlier anfl badly ventilated types of apparatus. Asw^l 
be shown later, if the inner cone of .a ,Bunsen flame is dis¬ 
torted, carbon mdhotcide, is found *amoV the products of 
combustion of the gas (see p. 231). Another advantage of 
the use of lumiii-gus flames is ip connection wjith the autpmjtic* 
arrangerifent, which is attached to manv m# 3 ern srevshri;.. 
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whereljy the gas supply is cut down when the water in the 
apparatus has reached a certain temperature. With a Buifsen 
bumpr fitted with such an arrangement there is always a tepd- 
^ency to strike back. 

Determination of the Efficiency of a Geyser. 

The value of a geyser will obviously depend on the extent 
to which the heat generated by the combustion of the gas is 
Absorbed by the water. 

The percentage of the heat generated, which is thus'ab 
sorbed, is termed the efficiency of the apparatus. 

This is determined experimentally as follows :— 

Note’.—Before lightittg the burner of the geyser it is im¬ 
portant that water should be running through the apparatus, and 
the gas must be turned off before the water when the experiment 
is completed. • " , 

Allow the gas consumed by the burner to pass through an 
experimental meter (see p. 244) before it is burnt in the ap¬ 
paratus, and in this way determine the amount of gas (in cubic 
feet) consumed per hour. This may be found from one 
nnjnute observations on the inner large dial, Fig. 31’(taking 
the' average of several readings), or by noting the change of 
reading of the dials during ten minutes whilst the gas is burn¬ 
ing.* . ' ' 

Note the temperature at which the water enters and leaves 
the apparatus. 

Collect the water delivered by the apparatus in one minute 
in a suitable vessel, and find its volume by means of a measur- 
'ing cylinder. Take the average of tttree determina,tion.s, As- 
sumiilg the gas to have a certain calorific power"(see p. 242), 
all the data are now available for calculation of the efficiency 
of the apparatus. 

Example. , '■ <■ 

From a very small geyser the water was delivered at the 
,ra?e of i litre (t^ i kg.) per minute, or 60 kg. per hour. 


t * In t^e case of'a geyser which is already fixed in position, the amount of 
gas consumed per hour may br determined from readings taken by means of the 
small upper dial of the Afdinarjf gas meter. Withr a Small five light ’* meter 
one revolution on this^ial represents 2 cub.' ft, (see p. 243). *?rom the time 
taken for the consumption of this amount of gas, the hourly rqte of consumption 
c mav be calculated. will fbe obvious ;that during this fR^eriment the burner 
^ «nw fne gey8ef*{i}U9t be the only one which is in use. 
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Initial temperature of water," 2 rC. 

. Vinal „ „ „ 56° C. 

, • o , - 

Rise of „ „ „ 35 ° C. 

Consumption 'bf gas, 662 litres per hour 

= cub. ft. 22 cub. ft.(i cub. ft. = 28'3 1.). 

283 

The calorific power of the gas = 120 Cal.* per cub. ft gross 
(see p. 237), as supplied to burner. 

,Heat generated per hour by combustion of gas =« 22 x 126 
' = 2640 Cal. 

Heat absorbed by water per hour, i.e. mass of water in 
kg. X rise of temperature = 60 x j5 2100 Cal. 

.'. Out of 2640 Cal., 2100 Cal. Jre utilised in heating the 
water. 

A ^ r r’ I 2100 X 100 _ , j 

.-. Out of 100 Cal,-,-- = 79'5 are utilised. 

• , 2640 

Efficiency of apparatus = 79'5 per cent. 

The efficiency of modern geysers usually varies from 80 to 
90 per cent. 

It should be noted that the efficiency of a geyser will vary 
slightly according to the temperature at which the ware,yis 
drawn off from the apparatus. The higher this temperature, 
the law'r is the efficiency. 

An apparatus constructed on the* same principle as the 
geyser having 100 per cent, efficiency (or more probably about 
99‘5 percent.) is made use of in determining the calorific power 
of a gaseous fuel (see p. 234). 

Further Determinations of Efficiencies. 

As another Example on the determination of efficiencies, 
find by experiment the percentage of the heat generated at a 
gas ring which is utilised in heafing a given mass of water jn 
various vessels. 

Example. 

A pint of water (ij lb. or 567 gms.) was heated'in a heavy 
enamelled iron s-ucepan, fitted with a lid, from' 15° C. to 100° €. 
in eight minutes. 

* I Cal. (kil8g.'K^-w>.u.i.. — xuuu ... -to raise,, 

the temper^ure of i kg. of water i° C. * 
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Thfe rate at which the gas‘was burnt was 225 litres (7'95 
cub. ft.) per hour.* * ' 

«•., Amourvt of gas burnt in eight minutes 

= ^ ^ ^ = I -06 cub. ft. 

60 

Calorific power of gas = 120 Cal. per cub. ft, (gross). 

Heat generated by I 06 cub. ft. = 128 x i-o6 = 177 '3 Cal. 

Heat required to raise the temperature of 567 gms. (i pint) 
of water from I5°C. to ioo°C. =■ 567 x 85 = 48195 calories 

48'2 Cal. 

Thus of I27'2 Cal. generated, amount utilised in heating' 
the water, alone f = 48'2 Cal. 

.’. Of 100 cal. generated, amount utilised in heating the 

water alone = — - x 100 = 38, or eflficiency = 38 per cent. 

127-2 

The experiment should be repeated, using the saucepan 
without lid, and using a thin alumfnium saucepan and pther 
vessels. 

In view of the fact that a large amount of gas is often 
wasted by having too large a flame at a gas ring, with the con¬ 
sequent escape of partly burned gas, which not only’has an 
objectionable smell, but also contains carbon monoxide, some 
of these experiments should be repeated, using a yery.large 
flame, and the results compared with those previously obtained. 
By plotting efficiencies against gas consumptions for a giverl* 
gas ring, the curve obtained will show under what conditions 
the maximum efficiency is obtained. 

It will be seen from the results of these experiments that 
Only a small portion of the heat generated at the burijer is 'ised 
in actually heating the water. ' ' 

With an electrically heated kettle the efficiency varies from 
about 60 to 85 per cent, according to whether the “elements” 
are in a hot plate, pr in the body* of the kettle, but in comparing 
gas and electric hetrting the relative cost of gas and electricity 
piust, of course, Also be taken into account (see p. 263). 

With a coal fire it is very difficult to estimate Jhe efficiency ; 
for Example, in boiling a kettle, if a fire were lighted especially 
for this purpose onl^.,abo,ut one or two per cent, of the h«t 

* Instead of using /special meter for this purpose, the experiment may be 
^performed with tjje ordinary household appliances, taking the reading of the gas 
consiimption fron^the tmall bpper dial of the gas meter as'bxplaineTon {(. 243. 
. f i.e. neglecUnc the water equivalent of the containing vessel. 
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generated would probably bo used in heating the .water, ‘ 
wMfereas if the fire is already burning the efficiency 0/ the pro- 
cejs may be regarded as anything up to 100 ppr cent., s^nce 
putting the kettle on 1;he fire, in this case, does not increase the 
consumption of coal. 

4s ^ further exaqjple on efficiencies it is of interest to cal¬ 
culate the weight of coal required, theoretically, to heat the 
water contained in a bath of given dimensions. 

rt' the bath (5x2 ft.) is filled with water to a depth jf 
I ft., the volume of water required = lo cub. ft. = 283 litres 
= 280 kg. (approximately). 

If the initial temperature of the water is 10“ C. (So' F.) and 
the temperature of the water in tJie^bath 38° C. (iOQ° F.), the 
rise of temperature is 28° C. 

Agaount of heat required for heating 280 kg. of water 
through 28° C. = 280 x»28j= 7®40 Cal. 

ff the calorific pawer of the coal used is 8000 Cal. per kg. 
(see p. 257), rather less than i kg. (2-2 lb.) of coal is thus all 
that is required, theoretically, for he'ating the water. It is 
hardly necessary to point out that in actual practice a quantity 
of coal considerably in excess of this amount would be required. 
For further information re efficiencies, etc., see art,;I<a^ in. 

“Nature,” 1915, p. 49°, by A. H. Barker. 

• • 

• • 

'detection and determination of carbon mon¬ 
oxide IN THE PRODUCTS OF INCOMPLETE COMBUS¬ 
TION OF COAL GAS. 

As mentioned previously in connection with the use of coal 
gas'for gas fires and geysers, carbon monoxide will be present 
among the products of combustion of coal gas, if the iniler cone 
of a Bunsen flatfte is distorted by any cold, solid object. If the 
temperature of the object is below that of the flame (about 
1500° C.), as is the case when a Bunsen flame is employectto 
•heat a vessel containing water, the temperature of* thecas 
immediately in contact with the object is -educed below the 
ignition point, and so unburnt gas escapes with the products of 
combustion. 

Heat a round-tottomed flask contairting cold water directly 
(i.e. withotit gauze) by nteans of a BunsSp burner, and place 
the flask at Sucjj a height above the burner that J^he inner cong^ 
of the Sam 4 is slightly distorted. Collec? skwly a 'sajiple 
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(l ‘litre^ of air from above the flask, by meaniof a large inverted 
funnel placed over the flask and attached to a set of aspirators 
(see P. 195). / 

The aspirator bottle to which the inverted funnel is attached' 
lyfull of water at the commencement of the,experiment, and 
is supported above the other. By opening the clip on the 
aspirator tube the air is drawn in. , _ , 

This sample of air is then tested for the presence of carbon 
monoxide,* by making use of the fact that iodine pentoxide, 
IjOj, heated to 130° C. is decomposed by carbon monoxide as 
fo*ilows:— 

I2O5 + 5CO -♦ 5CO2 + Ij. 

The reaction may be made use of not only for the qualita¬ 
tive detection of carbon monoxide, but also for its quantitative 
determination. The reaction is extremely delicate, and it is 



claimed that as little as 1 part of carbon monoxide in 46,000 
parts of air may be detected by means of the test when only 
1 litre of air is taken for the experiment.f 
. The apparatus employed for the t6st is shown ip the dia- 
gram, ®g. 24, The gas under examination is cbntained in' 
the aspirator B. 

Before the gas passes through the U tube F containing 
glass beads and iodine pentoxide, it is freed from unsaturated 
hydrocarljpns, sulph'ur dioxide and other reducing agents which 
woifld liberate iqdine from heated iodine pentoxide. The 

C 

* If the saiftple is likely to contain an appreciable quantit/of carbon mon- 

* oxide, I'g- nijire than 1 per cent., the gas could be analysed by means of the 
t Hempel apparatus, as in the (^%of coal gas (p. 207 ). 

• t The iodine pentoxid^.. 8 ed iA the experiment shotld^oe tested to make sure 
that it does not contain a^ free iodine and does ^ot decompose spofitaneously at 
the temperature to be employed in the test. This is carried c^t by passing a 

stream of air^rom Ihe outside through the apparatus, before the aspirator 
' conta^ing the samfrle to be tested is attached. '* 
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removal of these .substances is effected by passing Ae gas ‘ 
thFough a U tube C containing pumice moistened withisulphuric 
agd, and another U tube D containing solid potassium 
'hydroxide. The caflstic potash also removes carbon dioxid^ 
from the.gas, so that the presence of carbon dioxide in the gas 
leaving the U tube F, containing iodine pentoxide, is an in¬ 
dication, of the presegce of carbon monoxide in the gas under 
examination (see equation, p. 232). 

The small wash bottle E contains concentrated sulphuric 
acid. •' 

, The test tube G contains a small amount of a 2 per cent, 
solution of sodium hydroxide. Any iodine liberated from the 
iodine pentoxide is retained in this solution with formation of 
sodium hypoiodite and iodide. , • 

The oil bath containing the iodine pentoxide U tube is 
heated to 130° C., and the gas is passed very slowly through 
the apparatus (at the rat» of,about i litre in an hour). 

•the level of the liquid in the aspirator bottle, B, at the 
commencement; and end of the experiment is noted, and the 
volume of air which is tested (about i litre) is thus measured. 

The temperature of the oil bath must not be allowed to 
rise appreciably above 130° C., as above 165° C. the iodine 
pentoxide will begin to decompose spontaneously, and 'Sny 
hydrogen in the gaseous mixture might reduce the iodine 
pentbxidd. , 

, Before commencing the experiment the apparatus is 
tested to make sure that it is gas-tight. This may be done 
by closing the exit tube from G, when, on opening the screw 
clip on the rubber tube between the aspirator bottles, no 
sti^am of gas should f)ass through G, or through the small 
*vash bort'.c' E containing concentrated sulphuric aci^. 

When a sufficient volume of gas has passed through the 
apparatus, the test tube G is disconnected. About 0 2 gm. 
of sodium nitrite is added to.tjje sodium hydroxide solution 
and then dilute sulphuric acid until the^^iquid is just aeid. 
20 c.c. of chloroform are then added and the mixture shaiken 
' vigorously. * 

A pink coloration in the chloroform esjtract denotes the 
presence of iodine, which has been liberated by thfi action of 
the carboi^ monojfide onjthe iodine T[)entTteide. 

The amount of iodine which has be^ liberated may be 
determined ty transferring tlje chloroform .extract to^a stop< 
oererl hRttle after washing in a seoaratin? funnel with a small 
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quantity of a i per cent, solution of sodium bicarbonate to 
remove sulphuric acid, and titrating with N/ioo sodium thib; 
sulphate solution, using starch as indicator. After each addi¬ 
tion of sodium thiosulphate the mixture''must be thoroughly* 
shaken. i- ■■ 

From the volume of sodium thiosulphate solution required, 
the amount of iodine liberated is calculpted in the qrdbiary 
way, see p. 137. From the equation on page 232, it will be 
seen that the liberation of 2 x 127 gms. of iodine corresponds 
tq 5 X 22'4 litres of carbon monoxide at N.T.P. Knowing the 
volume of air tested, the percentage of carbon monoxide in the , 
air is thus found. 

The amount of iodine present may, however, be determined, 
approximately colorimetrifally, by treating a measured volume 
of a standard solution of potassium iodide (O'l gm. per litre) 
with sodium nitrite and dilute sulphuric acid, followed by ex¬ 
traction with 20 C.C. of chloroform, • 

The colour of the chloroform extract i^compared with that 
obtained in the test. The amount of the standard solution of 
potassium iodide employed is varied, until the colour of the 
solution of the iodine in chloroform is the same as that in the 
test experiment. From the amount of potassium iodide re- 
quiVt’d, the amount of iodine liberated by the carbon monoxide 
may be calculated. 

DETERMINATION OF THE CALORIFIC POWER OF COAL* 
GAS BY MEANS OF THE BOYS GAS CALORIMETER. 

[A full description of the apparatus and method of using 
it is given in the “ Notification of the Gas Referees for 1918," 
and in,“The Calorific Power of Gas,” by J. H*. Coste (C.» 
Griffin).] 

The general arrangement of the apparatus is shown in the 
diagram, P'ig. 25. The gas pafSfs through a wet meter A and 
a governor (pressurt.regulator) B to the burner of the calori- 
metfcr C. The meter described on page 244 may be employed 
fdr this purpose revolution on large dial = 2-5 litres), but 
in th» official metjiod of testing a meter is employed in which 
one revoldtion of the mpter hand denotes the passage of 
cub. ft. (2'36 litres),^e dial being divided ftito loc^divisions. 
The use of the governor B is to ensure that the pressure of 
^e ^as, as supplie(j|[ to the burner, remains constant,* that is, .the 

eras ^ hnrnt at a iiniTorm rat#* 
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The Gas Governor. 

The construction of this part of the apparatus and its mode 
of aclitn is illiTstrated by the diagram, Fig. 26. • < 

. The inverted bell or gas holder E is suspended jn water 
from one end of a beam, which rests on a knife edge at K. 

The gas enters the bell' by the pipe 
shown at D. ' The upper fend' of 
this inlet pipe can be closed parti¬ 
ally, or completely by means ftf a 
conical plug F attached to the bey. 

It will be seen that as the bell rises 
the inlet becomes closed, and is 
opened as the bell descends. The 
Outlet pipe from the bell is shown 
at G. If the gas is unable to escape 
from this optlet pipe to the burner 
as fast ks it enfprs through D,«the 
bell E and plug F rise so that the gas supply to the bell is cut 
down. If on the other hand, the gas supply through D should 
diminish momentarily, the bell and conical plug F fall, and 
more gas is allowed to enter the bell In this way the pres- 
sur^of the gas leaving the outlet pipe is kept constant. 

Before the apparatus is used, water should be poured 
round the bell (by removing the cover L, with the*gas inlet 
closed and the outlet open) until it flows from- the hole at H, 
which is then closed by means of a screw plug. 

The Calorimeter. 

The construction of the gas calorimeter C is shown in 
'section in Fig. 27. 

The main features of the instrument are as follows :— 

The cold water from the constant level arrangement (see 
Fig. 28, p. 238) enters at O and^p^sses through a coil of metal 
pip^ covered with oqils of wire to facilitate the absorption of 
heat» rourfd the outer part of the apparatus to the lower part. 
It^then passes upWards, through a similar coil joined to the 
forme/, round the chimney of the calorimeter irtto a mixing 
bojt K, and then to the outlet P. 

The inner and oytsir coils are separated •■by a partition Q 
containing cork duswfor purposes of neat insulation.* 

^ The produQts of combustion first pass up 'chimney E, • 
and theh dowit\ja/ds over the inner coil, through whith the 
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water is passing, and finally in an upward direction •ver the' 
otiter coil, thus leaving the calorimeter by the holes in the wooden 
cgver at practically the same temperature as that pf the incopiing 
water. The lowest “turns of the coils of metal pipe through 
which the wateri is passing ^re immersed in water, which'is 
poured in through one of the air outlet holes at the top of the 
apparatus until it floavs from the pipe F.- The water, produced 



Fig, 27. 

by the combustSin of the hydrogen and hydrogen compounds 
in the gas, condenses and mijc^s with this water. 

In this way the gross, or maximum, jalorific power oft the 
gas is obtained (see p. 241). ' • 

The temperature of the water at the ihlet and outlet* is 
taken by nftans of thermometers graduated in* tenths of a^ 
degree centigrade. The temperature of, the gases Heaving "the, 
calorimeter is taken means aS^ ordinary Fahrenheit, 
thermometer. V 

The aif required for cpmbustioij enters, the apparatus 
through holes round the edge of the woodjrf base R. * The 
metal Jase plate of the calorimeter is ke^ hfl^htly polished 


so5^ 
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'to present leakage of heat through the'base of the ap¬ 
paratus. . ' , 

It ^is important that the water should pass through the 
qalorimeter in the direction indicated, otherwise the products 
of combustion will leave the apjlaratus hot r.nd -an 'incorrect 
result be obtained. 

The latest form of the apparatus has n change-over, funnel 
fixed to the wooden cover, by means of which the water leaving 
the apparatus may be allowed to run to waste, or be direjfted 
in^'o a measuring cylinder. 

The apparatus is very conveniently arranged so that the 
wooden cover to which the water coils, etc., are attached can be 
lifted off from the metal body containing the chimney. This 
part in its., turn is simply lifted off the base vertically, and by 
examining the instrument in this way certain details of con¬ 
struction become at once apparent. 

[Note.—On no account must the calorimeter be re-assembled, 
IF THE GAS IS BURNING, unless a streanf of Water is filling 
through the apparatus, and water has been poured in until it 
flows from F, Fig. 27.] 

The Constant Level Water Supply Apparatus. 

V. 

The construction of this part of the apparatus is shown in 
the diagrams. Fig. 28. 



The inlet X is attached to a maih water supply tap, and 
^e rate of floiv of watej- from this tap adjusted ^ that some 
' wateA’passes oxfer tfhe weir to waste through Y. Th?outlet- 
■’{upe Z; attachti} ^b.fhe inlet of the calorimeter, is on tS^ same 
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side of the weir as ±he inlet pipe X. If water is always {lowing 
oyft- the weir, a constant head of water for the outfipw to the 
c^Jorimeter is maintained, which thus ensures ^ uniform j'ate 
“of flow through th^ iftstrument. ’ 

The rate of flpw of water »through the calorimeter shoultf 
be such that not less than 1600 c.c. pass through in four 
minute^ and not moj;e than 2400 c.c. in five minutes. This 
rate may be adjusted by altering the height of the constant 
level apparatus above the sink, or by placing in the inlet rubber 
tube of the calorimeter a piece of brass tube, one end of which 
,is *closed by a diaphragm containing only a small hole. It 
should be noted that if the thermometers are placed too low 
in the inlet and outlet tubes, the flow of water Is unduly 
restricted ^ , 

Method of Using the Apparatus. 

After having removeii the lid and body of the calorimeter, 
the ^as jets may be, lighted, and the gas supply regulated so 
that the large hand of the meter makes one revolution (2’5 
litres) in from ^5 to 75 seconds. [The official rate is i\ cub. . 
ft. (2‘36 litres) in 60 to 75 seconds.] When the gas supply 
has been regulated to this rate, the body and lid of the calori¬ 
meter may be replaced, provided a stream of water is f ivdng 
through the iftstrument, and water has been poured in through 
one of the air outlet holes until it flows from F, Fig. 2y. 

, The apparatus is now allowed to reftiain undisturbed for half 
an htjur. At the end of this time it may be assumed that all 
the heat produced by the combustion of the gas is being ab¬ 
sorbed by the water flowing through the apparatus.* 

■When t^e large hand of the meter is approaching the zero, , 
\ake the temperature of the inlet water, and when theohand is 
exactly passing Ae zero, move the funnel, into which the water 
leaving the calorimeter is flowing, so that the water is delivered 
into the large graduated cyliddfer standing in the sink. Note 
the time exactly at which this is done. Allow the large hand 
of the meter to make four complete revolutions (i o litres of g^s 
burnt), taking the temperature of the inlet water, after every 
complete revolutian, and the temperature of the oytlet '(vaier “ 
after every revolution. , * v ’ 

When®the meter haxd passes the z&;p at the end of the ‘ 
fourth revolution, move the funnel so that tne water leaving the 
calorimfiter is directed into the sink. "Not* th« time jjxactlJ* 

■» 

* Ste, however, corrections to be applied, p.f^. 
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^ and soncalculate the time takemfor the test., (See net calorific 
power, p, 241.) ' 

Jake the average of the temperature readings of both tjje 
inlet and outlet water, and note the volifmje of water coflected 
ift tha large cylinder. [Note the-readings of fhe thermometers 
showing the temperature of the effluent gases from the calori¬ 
meter and of the gas in the meter. Talje the reading o£ the 
height of the barometer in inches (to the second decimal place), 
and the reading of the wet- and dry-bulb thermometers of the 
ventilated hygrometer (see p. 241, and “Notification of* the 
Gas Referees,” 1918, p. 27.]* » 

All the data are now available for the calculation of the 
gross calorific power of i cub. ft. of the gas as supplied to the 
burners, or by applying various corrections, the gross calorific 
power of I cub. ft. of the gas, measured at 60° F., under a pres¬ 
sure of 30 inches of mercury and saturated with water vppour. 

The difference between the /ivarage temperature of the 
inlet and outlet water multiplied by the number of cubic 
centimetres of water collected during the te^t will give the 
number of calories produced by the combustion of 10 litres of 
the gas.f This value divided by 1000 gives kilogram calories. 
From this calculate the heat evolved by i cub. ft. (28''3 litres) 
of Sie gas as supplied to the burner. 

Example. 

Average temperature of outlet water, 34 ' 85 °lC- 
„ „ inlet „ IS'IS^C. 

Rise of temperature, 197° C. 

Volume of water collected, 2105 c.c. 

Heat generated by 4 x 2'5 (= 10 litres) of gas= 2105 x 197 

414685 calories = 4147 Cal. • 

Heat generated by i cub. ft. (28'3 litres) 

* 28"? 

= 4147 X -A = 117-4 Cal. 

10 

= II7'4 X 3-£)68 = 468-2 B.Th.U.t 

I 

* Thes^ readings are taken if the corrections noted on p. 241 are to be 
applied. « 

t Although it would be more accurate to weigh the water for this calculation, 
it is usual to irAsa^ure its volume. * 

* Cal. j(kilograiri-caiorie) = 3*968 British thermal ynits (B.Th.U.). This 

t is arrived at as follows;— ‘ 1 

I 1 Cal. would raise tl^temptrature of 2*2046 lb.*(i*kg.) of water 1® C. or 
1*8® F. A * * ‘ 

1 Cal. would raise the temperature of 2*2046 x i*8 = 3^68 Ib. of water 
F. • » c r 

C B.Th.U. raises tne temperature of j lb, of water 1° F. 

-MCal.-|i96* B,Th.U, 
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Thus the calorific power of i cub. ft. of the gas as scppiied 
to !he burners = 117-4 Cal. or 465-4 B.Th.U. (grosj), 

« After use, the gas is turned off before the ^ater, and,the 
■part o‘f the calorimeter attached to the lid lifted out of the body 
of the apparatus containing the chimney, and supported in a 
jar cpntaining water made alkaline with sodium carbonate. 
In this jyay any suipjjuric acid produced in the combustion ot 
the gas, and which adheres to the coils, is neutralised. 

the official method of testing the calorific power of gas 
ceitain corrections are made, so that the result is expressed as 
the gross calorific power.of i cub. ft. of gas at 60° F., under a 
pressure of 30 inches of mercury and saturated with water 
vapour. 

From the readings of the meter thermometer and the 
barometer, and by reference to a table “ Notification of the 
Gas Referees,” 1918, p. j factor is obtained by which the 
gas'^olume must be multiplied in order to reduce it to these 
standard conditjons. 

Further, the relative humidity of fhe air entering the ap¬ 
paratus is taken into consideration. If this incoming air is 
comparatively dry, and is saturated with moisture when it leaves 
the apparatus, a certain amount of heat will be absor jed- in 
evaporating the water necessary for this saturation. Data for 
this Correetion are obtained from read ngs of wet and dry bulb 
thermometers contained in a special fo'rm of ventilating hygro- 
metei; and from the temperature of the effluent gases from the 
calorimeter. The meth d of calculating the amount of this 
correction is dealt with in “No-ification of the Gas Referees,” 
1918, p, 10. 

Tke 17 ei Calorific Power of Gas .—It has been pointed out, 
p. 23,’, that in d|termining the calorific power of gas tife water 
produced by the combustion of the hydrogen and hydrogen 
compounds in the gas is allowed to condense, and is al-o cooled 
down below 100° C. The heat which is measured thus in¬ 
cludes the latent heat of the steam condensed, and' also Jhat 
heat evolved by cooling this condensed water.* ■ 

It is hardiy necessary to point out that in acttial practice 
this condensation, as a rule, does not take place, n*r are the 
other pioducts of >cambustion similarfy Spoled, so that even if 
allowance is made for th6 condensation of’tjie water, in obtain- 
'ing what is Sailed the net calorific valu^ the correction is onlv 
a partial one and has not much significance.' 
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In t)rder to obtain the neU calorihc pou'er of the gas, the 
amount Qf water condensed during the time the test is in jfro- 
grejs must determined. The water flowing from the pipe 
F., Fig. 27, in twenty minutes is colldfcted in a measuring’ 
Cylinder, and so the water condei.sing in the bme taken for the 
test is calculated. 

One gm. of steam at 100° C. in coni^nsing to watpr gives 
out 536 calories = 0'536 Cal., and i gm. of water at 100° C. 
cooled to 16° C. gives out 0 001 x 84 = 0-084 so that if 
I gm. of steam at 100° C. is condensed and cooled to water 
al 16° C., the amount of heat evolved is 0-536 +0 084 = 0-6120, 
Cal. In this way the correction to be applied for the conden¬ 
sation and cooling of the water produced when i cub. ft. of 
gas is burjit may be calculated. This amount of heat deducted 
from the gross calorific power gives what is known as the net 
calorific power of the gas. 

The^mj calorific power of joat gas at the present time 
varies from about 113 Cal. (450 B.Th.U«) to about 125 "Cal. 
(500 B.Th.U.) per cubic foot. Prior to the war this value was 
I sometimes as high as 138 Cal. (550 B.Th.U.) to 150 Cal. (600 
B.Th.U.) per cubic foot. 


GAS METERS. 

THE HOUSEHOLD METER. 

► 

A diagram showing Ihe dials, etc., of a srnall type of dry, 
gas meter is shown in Fig. 29. , 

In a dry gas meter the gas passes through a leather bellows 
arrangement, the movements of which set in motion a series of 
gear wheels. A pointer is attached to some o'f these wheels, 

* and from the number of revolutions of each, the arnou^it of gas, 
passing’through the meter is measured. Thus if the pointer 
of the right-hand dial makes one complete revolution, this is 
indicated by an increase of on^ unit of the reading of the 
centre dial, and so sm. 

In a \tet meter the gas passes through a series of small 
gas holders attached to a central axle. As each gas holder 
becotyes filled with gas it rises and the gas is di?charged into 
^ another part of the qieter. In this way a circular motion is 
, imparted to a series w*heels as in the dry* meterIn both 
cases the motion is^ue to the excess'of pressure on tlie inlet 
|ide of the meter ovei; that on, the outlet si^e, Vhen gas is 
passflig through _th% meter. • 
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It should be noted in taking the readings from the dials of 
a,gSs meter, that the motion of the pointer round some of the 
dijls is in a clockwise direction, and in others confra-clock\^se. 
The figures recorded in taking the meter reading are those 
which were last fjassed by th« respective pointers. Thus the 
reading indicated bn the dials represented in Fig. 29 is 29,800 ; 
each division on the yght-hand dial representing too cub. ft., 
on the central dial 1000 cub. ft., and on the left-hand dial 
10,000 cub. ft. In this case, therefore, the reading is taken 
to the nearest 100 cub. ft. As indicated below the dials, conj- 
pldle revolutions represent 1000, 10,000 and 100,000 cub. ft. 
respectively. 



leakages and for experimental ^purposes. One revolution of 
the pointer over the dial shown represerts the passage^ of 
exactly 2 cub. ft. of gas through the meter. A fraction ®f a 
revolution on this dial may not correspond exactly to the 
passage of that fraction of a cubic foot indicated* so tl^at in 
making use of this dial in experiments it, is tetter t» take the 
time of one complete revolution (i.e.*paA!tge of 2 cub. ft.) and 
then to'calculate the amdunt of gas used ih^the time occupied 
‘by any expefiment (see notes,, pp. 228 jind 230^ 

The data given below the dials refer to the capacity of the 
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' meter, i, P'or the meter indicated in Fig. 29, 30 cub. ft. per 
hour represents the maximum rate at which gas can pass 
thrc^^h the njeter, and O'166 cub. ft. per revolution refers ;to 
the capacity of the bellows. The term “ five light ” meter is' 
also employed to denote its capacity. Thu,s a meter with a 
capacity 30 cub. ft. per hour could be used on a supply for 
five jets, each of which required 6 cub. ft. per hour, pr .for a 
less number of jets with a greater hourly consumption, or a 
larger number of jets with a less hourly consumption. 

In the case of a slot meter each time a coin is placed in 
the meter it becomes possible for a certain amount of gas»to, 
pass through the apparatus. The amount registered on the 
horizontal scale does not, of course, represent the quantity of 
gas which is contained in the meter, but the amount which 
can pass through it before the gas inlet valve is closed auto¬ 
matically. 

f ' 

THE EXPERIMENTAL ME^ER. 

In using the experimental wet meter. Fig.' 30, make sure 
that the meter is vertical, as shown by the plumb-line. If it 

is not vertical, alter ane or 
more of the foot screws in the 
stand on which the meter is 
fixed. Pour water, into the 
meter, if necessary, through the 
thermometer attachment until 
it reaches the line on the cir¬ 
cular glass plate. The water 
in the meter m'ust be allowed 
to become saturated ivith 'gas 
before any readings of gas 
passing through the meter are 
taken. 

‘ ' The quantity of gas pass¬ 
ing through the meter in any 
experiment may.be read off by means of the dials. The large 
inner dial is, for calculating the hourly rate of passage of the 
‘ gas througjh the meter, by observing the change of reading in 
one minute. Thus ff/ht Jarge hand has^_n:^ade one complete 
revolution and is pasTsing the divisioii 120 at the tnd of one 
minute, the amount of gas passing through the cieter in one ^ 
Tiou»is.i5o q-*i20=2^o litres.* The maxirilum rata for the 

• See Fig. 31, p. 345. 
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meter of which the dials are shown in Fi^. 31 is 6ott litres 
(^*21'2 cub. ft.) per hour. One revolution of the large hand 



ifound the outer large dial represents the passage of 2-5 litres. 
The hgures below the small dials denote the volume passing 
in complete revolutions. 

CAUSES OF THE FAfcURE OF THE GAS SUPPLY IN A 
HOUSE. 

With a wet meter one of the principal causes of the failure 
of the supply is insufficient wj^r in the meter. To remedy 
this defect, after turning off the tap on tl>s inlet pipe of ^e 
meter and removing the screw plugs from the top and bottom 
of the meter, water is poured into the meter uiftil it flows fror* 
the outlet near the bottom. The screw pljigs aPe then re¬ 
placed. _ , • ' 

In winter the .■rater in a wet mfeter'jpay become frozen. 
Failure of the supply due*to this cause may be overcome by 
applying clotfts ^o?ked in hot water to .the lower part of the^ 
meter. AiHof course better to protect th^ meter frdm^he. 
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cold before frost sets in. The addition ©f glycerine to the 
water ih*the meter is sometimes advocated to prevent freezing, 
but ip view (of the large amount of water contained m the 
meter, a considerable quantity of glycerine would be necessary 
to prt)duce any appreciable lowering of the*- freezing-point of 
the water. 

In some cases, both with wet and <dry meters, owifig to 
the accumulation of condensed water in the pipe, the passage 
of the gas becomes intermittent and may fail altogether.^ As 
a rule, at the lowest point of the supply pipe there is a 
(so-called siphon) which can be removed, and the water which 
has accumulated allowed to drain off. 

In other cases an accumulation of solid naphthalene takes 
place in the pipes. Thi^ is usually removed, by the gas com¬ 
pany’s servants, by means of a compression pump and the use 
of a solvent oil. 



Chapter IX. 

LIQUID AND SOLID FUELS. 

LIQUID FUELS. 

THE FLASH POINT OF OILS. 

It is obvious that owing to dififerencOs in volatility, inflammable 
liquids differ very considerably in the extent to which they give 
off inflammable va’pouij^ at the ordinary temperature. This 
may be illustrated Ijy the following simple experiments. 

Obtain three small beakers A, B and C; place about lo 
c.c. of light (Petroleum (petrol) in A, lo c.c. of paraffin oi^ 
(kerosene) in B, and lo c.c. of medicinal petroleum or lubri¬ 
cating oil in C. 

Remove the bottles containing the oils to a safe di ^tgnee, 
and hold a lighted taper over the mouth of each beaker in 
turn. N ote that the vapour in A only is ignited. Cover 
the mouth of this beaker with a piece of cardboard or a glass 
plate, in order to cut off the supply of air and so extinguish 
the flame of the burning vapour of the oil. 

Lower the lighted taper into the beakers B and C alter¬ 
nately and note that the vapour of the paraffin oil is more 
i-eidily "gnited than that of the heavier oil in C, but that both* 
“ these oils give off inflammable vapour much less readily than 
the oil in A. 

It is, in fact, possible to extinguish a lighted taper by sud¬ 
denly immersing it in paraffirf oil. If, however, the temperature 
of the oils in B and C be raised, the vaj^ours will fee i^ited 
when a lighted taper is placed over the rro«th of the beaker. 

The so-called jlash point of an oil is the lowest temperature 
at which sufficie.it vapour is given off to Ignite momeTitarily* 
on the introductipij of a spark or flaftia 

• Fibm’the simpleexperimerits descril 5 W above, it is obvious 
that the fla#h point of petrol is below the OTdinaj'y temperature. 

In.th< detdfmination of what is 1 cnov*n aS the clostd teft 

(247) 
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flash pqfnt, the oil is examined in an Abel fla?h point apparatus. 
Its temperature is raised slowly and the vapour given off fKjm 
the pil is allowed to accumulate. A small flame is introduced 
periodically into the mixture of air anU .vapour aboVe the > 
Ih^uicl, and the temperature at which sufficient vapour.has been 
given off to ignite, when the flame is introduced, is taken as 
the closed test flash point. ^ „ 

On account of the danger of using an oil with a low flash 
point for purposes of illumination in an ordinary paraffin 
lamp, and in other ways, the minimum closed test flash p'oint 
for illuminating oils is fixed by law in this country at 73° R 

Determination of the Approximate Flash Point of an Oil. 

Fill a 'large porcelain (ft metal crucible half full of the oil 
to be tested (paraffin oil or a heavy petroleum oil). Cover 
the mouth of the crucible with two pieces of asbestos, each of 
which has a slit cut half way across fi just wide enough tg fit 
round the stem of a thermometer. ‘ 

Place the crucible on a sand bath and support a ther¬ 
mometer in the crucible'so that the bulb is immersed in the 
oil. Turn the upper piece of asbestos round through two 
right angles, so that the mouth of the crucible is completely 
covAed. 

Draw this piece of asbestos forward and allow a^small gas 
flame about 0 5 cm long (such a flame may. b& obtained by 
connecting a gas supply tube to a mouth blowpipe) to come ' 
into contact with the mixture of oil vapour and air in the 
crucible. No flash should be observed at the ordinary tem¬ 
perature. 

Replace the upper asbestos and commence heating the 
'sand batJi, so that the temperature of the oil rises t*wo'degrees < 
centigrade per minute. Test with the flame at the end of 
each minute. The flash point is taken as the temperature of 
the oil when the first of a series,fff flashes is obtained. 

The use of paraffin oil and petrol for purposes of illumina¬ 
tion and heating will be dealt with in the lectures. 

ALCOHOL AS FUEL. 

‘ On account of the/fa\;t that alcohol ^ujns with a non- 
‘luminous flame it is f^ery suitable for‘purposes of Reating in 
small scale operations. It is probable, however, tfcat in addi- 
fron to tbc use of sofcalled methylated spirit for 'these purposes, 
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large quantities o<' alcohol will be used before long^in this' 
cotfntry as a fuel for internal combustion engines.* • 

, The question of the denaturing of alcohol, that is,^ the 
'addition of substaqcfis to the alcohol so as to render if unfit 
for drin'-ing purposes, is deal| with in the lectures. . 

Alcohol, unlike petrol and benzol (commercial benzene), is 
miscible in all'propor^ons with water, so that the determination 
of the amount of alcohol in an aqueous solution of the substance 
is a matter of considerable importance. 

' ff the solution contains only alcohol and water, the per¬ 
centage of alcohol in the mixture is found by determining the 
specific gravity of the liquid, and by reference to tables, which 
show the amount of alcohol in solutions of the substance of 
different specific gravities. On account of the fact that when 
alcohol and water are n^xed, the volume of the mixture is less 
than the sum of the- volumes of the constituents, it is not 
possible to calculate the^er^entage of alcohol in an aqueous 
solution of the substance from the specific gravity of the mix¬ 
ture and the specific gravity of pure alcohol. 

If the alcohol and water are mixed with other substances^ 
which are non-volatile, the liquid is distilled until about two- 
thirds has passed over. The distillate is then diluted with 
water to the original volume of the mixture distilled, anithe 
specific gravity of the diluted distillate determined. 

Determination of Alcohol dn a Mixture. 

Fd)r practice in the determination of alcohol by distillation, 
the percentage of this substance in one of the alcohol-soap 
mixtures, sold at the present time (as solidified methylated 
spi -itl should be undertaken. 

[One of these mixtures may be made by dissolving 3 gms. 
of stearic acid ii# too gms. of alcohol heated on the water 
bath to 65° C. The warm solution is then neutralised, after 
the addition of a few drops of absolution o( phenolphthalein, by 
the addition of an aqueous solution of sodium hydroxide. ‘On 
cooling the mass solidifies.] 

Place 10 gms. of such a mixture in a distilling flask fitted 
to a water condenser. Add about 200c.c.*of distilled’water 
and about i gm. ^ of solid barium cjiloijde, to precipitate the 

* For further informai^n (ft this subject and fot\n account of the prepara- 
> tion of alcohol » a small scale from potatoes see “ Chemistry of Petroleum,” 
by Tinkler anti Ch%llonger (Crosby Lockwood # Son), ^e also Report 
Inter-Oerdirtmental Committee on “ Power Alcohol,” 19(9 (H.M. Stationery 
Office). • ■ • 
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■ soap, jind so prevent frothing. Distil J:he mixture until 
about tWiO-thirds has passed over. f 

pilute the distillate to 200 c.c. by the addition of distill/ed 
water' and determine the specific gravity ,of the distillate at' 
60° fi. (i5'5° C.) by means of the specific gravity balance • (or 
specific gravity bottle). From the alcohol table “ Quantitative 
Analysis," Clowes and Coleman, find the^ercentage by,^%pight 
of alcohol in the distillate. 

This value multiplied by two will give the weight of 
alcohol in 200 c.c. of the distillate, or in the 10 gms. of the 
original mixture. 


SOLID FUELS. 

PARTIAL ‘ANALYSIS OF COAL. 

It will be obvious that if results of any value are to be 
obtained in connection with coal'anEilysis, great care mu^t be 
exercised in taking a sample of the material for this purpose. 

In order to obtain 9. sample representative of the whole 
' ‘bulk of the coal, a large quantity of the material nmst be broken 
up into small pieces, some of which are further subdivided 
until finally a portion is obtained which will pass through a 
60 mesh sieve (60 meshes to the linear inch). This sample is 
then placed in a glass stoppered bottle.f , , 

In examining coal the operations usuall}'' curried out in¬ 
volve determinations of moisture, volatile matter, ash and* 
calorific power. It is, however, necessary in some caSes to 
determine the percentages of carbon, hydrogen, nitrogen, 
sulphur, etc., in the coal. 

I?eterminatioti of Moisture and Ash in t^oal. 

Moisture .—Place i gm. of freshly powdered coal (60 mesh) 
in a weighed porcelain crucible (without lid), and heat in a 
constant temperature air oven for one hour at 105° C. Cool 
in a^esi(S:ator and re-weigh, 

• The loss in Weight under these conditions is taken as the 
mois^re ccmtained in the coal, and from the rdSult obtained 
^ thfe percentage of mqisture may be calculated. 

, If the crucible be.rfe-lieated in the air .oven, it will probably 

t • • • 

* See note on p. 17!. . 

i rt For furthet informati*n rt sampling of fuels see.“Fuel," by Brame 
(E. *noM).] 
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be found impossible to obtain.a constant weight, owiqg to the 
slftw absorption of oxygen by the coal. t 

, Ash .—Heat the crucible containing the dry coal gpntly 
* over'a Bunsen flapiife irra draught cupboard, and contfliue the 
heating over a (pll flame (o| in a muffle furnace) until,all the 
carbon has burnt away. Allow the crucible to cool in a 
des'CQitor and weigh when cold. From the weight of the 
ash obtained, calculate the percentage of ash in the original 
coal. 

* Determination of Volatile Matter .—This determination is 
(»f value in comparing one coal with another as regards coke 
yield, but only if the experiments are carried out under similar 
conditions. The reason for this is that in this determination 
the heating is continued only urt’! the volatile m^er of the 
coal has been removed, and what is known as “ fixed carbon ” 
is left unburnt. If the heating is prolonged the fixed carbon 
also burns. • . 

Place I gm. of freshly powdered anthracite (60 mesh) in 
a porcelain, or preferably, platinum crucible, fitted with a lid, 
and I gm. of a freshly powdered bhuminous coal in anoth«»< 
similar crucible. 

Support the crucibles on pipe-clay triangles, well above the 
flames of two similar Bunsen burners. Gradually lo .v»r the 
rings supporting the triangles until the crucibles are just above 
thfi innef cones of the flames. 

Continue the heating for seven’ minutes in this position, 
making about ten minutes in all. 

Allow the crucibles to cool in desiccators, and re-weigh to 
obtain the amount of coke produced. 

Calculate the pet'entage of volatile matter in each case, 
making aHowance for the moisture content of the samples. • 

It will be oljvious that the results obtained in tMhse deter¬ 
minations of volatile matter will depend on the extent of 
heating, and in order to cjgipare the results obtained with 
those obtained by other workers it is ii-fcessary that thg pro¬ 
cedure should be the same. There is apparently at the jjresent 
time no one standard method for this det^-rtnination. • 

The percentage of moisture plus volatile (hatter, in the 
anthracite will probably be less than 7 per cent., whereas'wiA 
the bjtuminous coal the total loss ifi weight (moisture -t- volatile 
matter) may be as higTi as 40 per cent.'*. 

The anthracite will also probably^ontain iess ash than ^e 
biturtinous coal. In the latter case the ish*will probiblybe 

• 1 
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'betweei; i and 5 per cent, but.as much as. 10 per cent may 
be found, ' • 

^n carrying out a complete analysis of coal, the carbon and 
hydrogen may be determined by the ordinary process of'com¬ 
bustion, and the nitrogen by the .Kjeldahl process. « 

Sulphur is determined by heating the coal with a mixture 
of sodium carbonate and lime, whereby the whole .oL- the 
sulphur is converted into soluble sulphates, the amount of 
which can be determined in the ordinary way. 

THE CALORIFIC POWER OF COAL. 

This Value may be determined by means of either the 
William Thomson or the Rosenhain calorimeter. The most 
reliable results are, howeveP, obtained by employing a so-called 
bomb calorimeter (see Vol. II.). 

The William Thomson Calorimeter, — This apparatus 
(Fig. 32) consists of a glass combustion chamber, which fits 
on to a brass base by means of 
springs, and contains a platinum 
crucible in which the fuel’ to be 
burned is placed. 

Oxygen is passed in through 
the vertical tube, and thtf products 
of combustion and excess of oxy¬ 
gen escape through the hol^s in 
the brass support at the foot of 
the chamber. 

The copibustiori chamber is 
surrounded by wire gtuzt baflfle 
discs, which serve to break up the 
escaping gases into small bubbles, 
and thereby cause them to give up 
their*heat entirely to the water. 

I" . This part of the apparatus is 

< • immersed in a measured amount 

of water at «a known temperature, contained ih a narrow, 
fall ‘glass bilker, which is surrounded by a nfetal vessel fitted 
With a glass slip, through* which the progress of the combus¬ 
tion may be watched/ • * * 

. j Water is prqvent^ fjom entering the combustiiSn chan|b«: 
owin^to«the slight pressure in this vessel due t8 the ox^cn. 
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The combustion of the fuel is started by means ofi* small" • 
fuSfc, prepared by steeping a strand of cotton wick in r. Solution 
oi potassium nitrate, and afterwards drying it. , • 

'■ The rise in tempSrature is observed by means of a tfiermo- 
meter graduated.in tenths ofia degree. • 

In the determination about i gm. of the fuel,* preferably 
in form of a pellet,f is weighed accurately with the 
platinum crucible, which is then placed in its pipe-clay support 

Two thousand c.c. of water, taken from a vessel which 
has stood for some time in the room where the determination 
, is*to be made, are placed in the large beaker, and the temper¬ 
ature of the water accurately noted. 

The thermometer should be suspended so that its bulb is 
about 5 cm. below the surface of thi water. . 

An oxygen cylinder, fitted with a reducing valve, should be 
attached to a large wash bottle containing water, by means of 
rubber tubing, and the e*it ^ube of this wash bottle attached 
to Ae brass inlet tube of the combustion chamber. The use 
of the wash bottle ensures that the oxygen supplied for com¬ 
bustion is saturated with water vapour. With dry oxygen the* 
combustion is not so complete, and heat would be absorbed 
from the water in the calorimeter by the evaporation caused 
by bubbling dry oxygen through it. 

In order to ensure that the oxygen is at the same tem- 
persfture a 5 the apparatus, it should be passed through a large 
»‘coil of flexible metal tubing before passing into the wash 
bottle. 

The oxygen inlet tube should be raised at first, so that its 
end is near the top of the chamber. A fuse of the prepared 
wick, about 2'5 cm. lon-g, is then placed upright in the crucible 
.and ignited.'' The combustion chamber is at once placed over 
the c'ucible, anc^ the whole transferred to the beatier and 
immersed in the water, a gentle stream of oxygen being passed 
through the apparatus. Th^jmount of oxygen supplied is 
regulated so that the combustion does nol^become too vioknt. 
When the combustion is nearly complete, the oxygen tube is 
lowered until its end is only slightly above tfte crucible. 

When thS combustion is at an end the.oxygffn supplj/ is 
cut off, and the combustion chamber ij raised so thaf the clip on 
the rubjjer^tube attached to the side*tub*ejnay be opened. On 

• See p. 2^ « sampling of coal. ^ « 

t If the aample 4 >e in the form of a powder soAe of jt mey be thrown^ut of 
the ctucifile by the escape of volatile pr^ucts. ' 
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igain lowering the apparatus into the watsr, the gases irom 
the comhttstion chamber will be driven out through this sfde, 
tube^ and wat?r will come into contact with all parts of tlve 
apparatus which have been heated. ' i ' 

The contents of the beaker are then thoroughly mixed, 
by raising and lowering the combustion chamber, and the 
maximum temperature registered by the thermometer is.neted. 
The time over which the combustion extends should also be 
noted. (See radiation correction below.) 

, In order to complete the calculation it is necessary to firid 
the water equivalent of the calorimeter. This is determindd , 
in a separate experiment, by employing a given weight of a 
substance of known calorific value. Thus, if i gm. of a sample 
of standard coal, or of somp other standard substance, is known 
to give 8500 calories on combustion, and the rise of tem¬ 
perature observed with 2000 gms. of water, in the calorimeter 
is 3'8° C, then if^r = the water equivalent of the calorim^er, 
the 8500 calories is taken up by 2000'+.r gms. of water 
whereby the temperature is raised 3 -8° C. 

Amount of heat = mass of water heated x rise of tern- 
temperature. 

.'. 8500 = (2000 + :r)3’8 
whence 3 •8;c = 900 
.-. 237. 

That is, the water equivalent of the calorimeter' is 237 gms.; 
or, 8500 calories will heat 2237 gms. of water 3-8° C. 

2000 gms. of water were employed, 

.'. water equivalent of calorimeter = 237 gms. of water. 

In the determination described above, no notice is taken 
^f the fact that heat will be lost from fhe calorimeter, during 
the combustion, by radiation, etc., whilst the temperature of" 
the water is rising to its maximum value. This loss may be 
allowed for as follows, the correction being known as the 
radiation correction :— ' * 

After the maxim'hm temperature is reached, the apparatus 
is allowed to cool,for a period of time equal to half that taken 
for the combustion, a slow stream of oxygen being passed 
•throu^ thg apparatus meanwhile,'and the ►clip on the side 
‘tube being closed.* 

K 

* A period of time equal to half that requireti for the combuslkm is taken, 
on account of the fact th&t the temperature of the apparatus ri^s much more 
during bea^g ^lan if falls when cooling. The g^iater the difference 
of temperAure between the calorimeter and its surroundings, the greatir is the 
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The fall of temperature, noted during this period, is,added • 
tp the observed rise as the radiation correction. v • 

, Having found the water equivalent of the calorimeter ^nd 
the radiation correstfbn, we have all the data necessary for 
finding the calori^c power of ^e given fuel. ’ 

Amount of heat evolved, in calories, by the combustion of 
a gi''fji,weight of fuel, 

= (mass of water in calorimeter + water equivalent) 

. a X (rise of temperature + radiation correction). 

nFrom this the amount of heat evolved by the combustiofi 
^of I gm. of the fuel in calories, or i kg. in kilogram-calories, 
or I "lb. in British thermal units (B.Th.U.) may be calculated 
(see also p. 257). 

The Rosenhain Calorimeter.—This calorimeter (Fig. 33) 
is a niodified form df thq William Thomson Instrument. It 
differs from the latter in havl 
ing an electric ignition, which 
is produced by''passing a cur¬ 
rent through a short length of 
platinum wire. It is so ar¬ 
ranged that this ignition device 
can be drawn out ol contact 
withihe fuil after combustion 
has started, otherwise it would 
1>e damaged in the course of 
the combustion and eventually 
destroyed. 

The combustion chamber 
consists f#f aji ordinary incan- 
"descent lamp chir^ney closed 
at the ends by brass plates, 
the junctions being made gas- 
tight by means of rubber 
washers. The gases from the 
combustion chamber pass 
through a bail valve, which 
prevents the water from etitering. Whqn It is nacessary^o 
allow the water tc^ qpter, the ball can* be raised by means of 

>Io89 01 neat ny ^macion. u is assumea mat as mucn neat lost by radiatioi| 
during the time of heating, as is lost in half that time whe* the apparatus is* 
cooling. • • 
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'the lev^r, and the outlet tap at the top of the chamber 
opened;.. *■ 

,For the determination of the calorific power of a coal fcy 
means of this instrument, a weighed ijuantity of thfe sub-* 
stance (about i gm.) in the fojm of a pellpt is placed on a 
silica tray in the combustion chamber, and the brass plates 
screwed together, care being taken not t9, screw 'too tightly. 

The ignition wire is then placed in contact with the ^llet. 
2500 c.c. of water at the laboratory temperature are next in¬ 
troduced into the calorimeter vessel, and the latter placfed'in 
the wooden case. The combustion chamber is then lowered, 
into the calorimeter, the thermometer placed in position, and 
a slow stream of oxygen, treated as in the previous deter¬ 
mination,! passed through the apparatus. 

The temperature of the water, if constant, is noted as the 
initial temperature. 

The pellet is now ignited by ponnecting up the battery 
(4 volts) for two seconds, after which the ignition wire is dfewn 
up near the top of the combustion chamber. The time at 
'which the combustion is started is noted. 

The slow stream of oxygen is allowed to pass until com¬ 
bustion is nearly complete, when it is gradually increased in 
order to ensure total combustion. When the sample is com¬ 
pletely burned, the oxygen supply is cut off, and water allowed 
to fill the combustion chamber by raising the balj of the Valve, 
and opening the tap at" the top of the combustion chamber.', 
The water is then forced out by turning on the oy.ygen 
and closing the tap at the top of the chamber, the oxygen 
being allowed to pass through the aoparatus in order to stir 
effectually the contents of the calorimeter. The thermometer 
is carefully watched, and the maximum reading is noted, "fbis, 
will be observed almost immediately after the water is expelled 
from the combustion chamber. 

The time at which the n\a^imum reading is observed is 
nolpd, and the whcjje apparatus is allowed to cool for half the 
tima takSn for the combustion. The fall in temperature is 
added to the ob^rved rise of temperature of the water as the 
radiation ctJrrectiijn (see p. 254). ^ * 

The wtter equivalent of the apparatus if determined, as in 
the case of the Williafti "Thomson apparatut, by employing a 
sample of coal of known calorific valufe, the ignition wire being 
Jteated for th| same length of time as in the p^vious .case. ' 
The*catculation oT the calorific nnwer of the coal is'exactly 
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the ?ame as described on page 555, and is illustrated bv means 
of the lollowing example •:— 

■' Weight of pellet,. O' 994 5 gm. 

„ „ water, 2000 gms. 

Watel' equivaient of calorimeter, 239 gms. 


Initial temperature, I2'62°C. 

I'inal „ 16-06° C. 

Rise of „ 3-44° C. 

^.adiation correction, o-i° C. 


Corrected rise of temperature, 3-54° C. 

Heat evolved by combustion of the coal 

(2000 + 239) X 3-54 = 7926 calories = 7-926 Cal. 

Or 0-9945 gm. of coal give 7-926 Cal. 

7 *026 / f • 

.-. I gm. of coal gives ———= 7-97 Cal. 

0-9945 

' Or calorific power ofjhe coal is 7-97 Cal. per gm.,or 7970 
Cal.'per kg. * 

Or 797 o^;? 68 ^ B.Th.U. per lb. 

2-205 

(i Cal. = 3-968 B.Th.U.; i kg. = 2-205 lbs., see p. 240). 

COAL ECONOMISERS. 

lllost olf the preparations sold for this purpose consist 
'largely of common salt with a little ferric oxide added. In 
some'Cdses substances such as sodium carbonate, calcium car¬ 
bonate or ammonium salts are also present. 

The qualitative and quantitative analyses of such mixtures 
present no difficulties, and can be carried out by the ordinary 
methods. 

It will be obvious that the addition of small quantities of 
these substances to coal cannot in any way increase the total 
amount of heat produced btttthe combustion of that coal. 
The use of these materials mixed with water might concaiv- 
ably diminish the amount of combustible matter which escapes 
unburnt from the coal, and in this way diminish the amouflt 
of heat lost, but no definite evidence of their action in t^is 
manner has yet been obtained. 

* These hgares were obtained with an apparatus d^ilar in construction to 
the Roaenhain fllorimeter. 


17 
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CANDLES. 

,The materials chiefly used in the manufacture of candies 
ire pkrafHn wax and stearic acid (whfcl^ contains palmitic 
acid) Other substances used ^re beeswajj, spermaceti and 
tallow. 

Stearine candles, which contain a^ high percent^e of 
stearic acid (not the glyceride stearin), are more suitable for 
use in hot climates than those containing much paraffin wax, 
on account of the fact that the melting-point of stearic a8id is 
higher than that of most varieties of paraffin wax. Candles, 
made of low melting-point paraffin wax are liable to bend and 
gutter. 

' f 

Determination of the Melting-Point of Candle Waxes. 

Fill a test tube, about one iwch fn diameter, to a depjh of 
about two inches with the molten waS. Support the t«st 
tube vertically by means of a clamp. , 

Fix a thermometer in the test tube by means of a cork 
which has a vertical slit cut in its side. Adjust the height of 
the thermometer so that the bulb is mid-way between the 
surface of the wax and the bottom of the test tube. 

Procure a stirrer made from a piece of wire bent at one 
end into a circle which |ust fits in the test tube, and then*bent 
so that the circle fits round the thermometer. Make sure thaf' 
the stem of this stirrer will move up and down freely through 
the slit in the cork. 

Allow the molten wax to cool, and note tjie temperature 
indicated by the thermometer every half minute, keeping ^he 
molten wax gently stirred. Continue to take fhe'readings, 
until the material is completely solidified. 

Plot the results in the form of a curve, with temperatures 
as ordinates and times as abscissae. 

»The temperatuce indicated at which the curve changes 
direction'is taken as the melting-point of the wax. 

• In the diagram. Fig. 34, the cooling curves jye shown, (A) 
for a.speciffien of,paraffin wax, and (B) for,paphthalene 

The mfelting-poi«t^o(the paraffin wax in this case is taken 
as 54° C. and of the^naphthalene as 80° Cf ‘ 

Since naphthalene (Cj^Hg) is a single compound and 
paraffin wax'sftmixture, the temperature of thg forlner remains 



Temperature. 


COOLING CURVES fjjg 

constaift during its complete solidification, but in the caK of 
p^affin wax the temperature fills slightly during solidification. 
•The reason for the temperature remaining constant, or nearly 



Fiq. 34. —Cooling curves of (A) paraffin wax, (B) naphOialene. 

. . •• * . 

SO, durin| solidificatioif is that during this process the latent 
heat of fu^n of the substance suppli^ tB^ wt’i'-t’ <« '•<>»■ 
by radiation, e!tc. 
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Determination of Steyic Acid in Candles/ 

^ The hmount of free acid in a stearine, or composite, candle, 
is determined, by titration with a standarjJ solution of ap 
aljcali, using phenolphthalein as indicator, rsince stearic’ acid 
is a wtak acid r .. " 

Place 5 to lo gms. of the material in a weighing bottle 
and weigh accurately. Transfer the sub^^ance to a flaskiand 
re-weigh the bottle, and so obtain the weight of substance 
taken for the test. 

j Add ether to dissolve the material; add about lo c.c. of 
alcohol and a few drops of phenolphthalein solution. Warih 
the mixture on the water bath and titrate the solution with 
semi-normal sodium hydroxide solution, keeping the mixture 
warm. > , 

From the equation 

CirHj^COOH -I- NaOH - CirHssCQONa -i- H^O 
284 40 « ' ,, 

it will be seen that i litre of normal sodium hydroxide solu¬ 
tion (containing 40 gms, NaOH) will neutralise 284 gms. of 
stearic acid 

or I C.C. N/2NaOH = 0'i42 gm. CjjHgjCOOH.- 
Krom the volume of sodium hydroxide solution required, 
the amount of acid, expressed as stearic acid, in the weight 
of material taken can be found, and from this the percentage 
of stearic acid calculated.' 

THE FUEL RATIONING ORDER, 1918. 

FUEL ALLOWANCE. 

*• 

* By the terms of this order “ fuel " may be taken \is coal, 
gas or efectricity, in accordance with the following scale—i ton 
of coal is to be regarded as equivalent to 15,000 cub. ft of 
coal gas, or 800 Board of Tradq jinits of electricity.* 

These values ha\<e been arrived at on the assumption that 
I torkof coal will produce approximately 15,000 cub. ft. of gas, 
or‘will generate Sufficient power for the production of 800 
^oard/)f TrSde electrical units. , ' 

, *The amtjunts of heat which could be generated by I ton 
of coal and these equivalents of gas and electricity are calculated 
as follows:— 

* * {niew figuiesVefe^ to tlil Order of igig, and have iinoc been mot^fied, 
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Coal. 

Assutning tn 4 coal to have a calorific pow 4 r of 8 Cal. per 
gram, i£. 8000 Cal. per k^, i ton (1016 kg.) will produce 
1016 X 8000 =*8,128,000 Cal. = 8,128,000 X 3-968 

= 32,250,000 B.Th.U. (approx.). 

Gas. 

If the calorific power of the gas is taken as 120 Cal. per 
cub. ft., 

• 15,000 cub. ft. of gas will produce 120x15000 = 1,800,000 
Cal. = 7,142,000 B.Th.U. (approx.). 

* 

Electricity. 

- • From the relations * 

I watt = I joule per second, 

I watt-hour = 3606 joules, 
and I joule = 0-24 calorie, 

I watt-hour (or 3600 joules) = 3600 x 0-24 = 864 calories 
I kilowatt-hour (Board of Trade electrical unit) = '164,000 
calories = 864 Cal. 

-. 800 Board of Trade electrical units = 864 x 800 

= 691,200 Cal. = 2,743,000 B.Th.U. (approx.). 

Summary. —i ton of coal would produce 8,120,000 Cal. 
15,000 cub. ft. coal gas would produce 1,800,000 Cal. 
Soo'Board of Trade electrical units would produce 691,200 
Cal. 


From these calculations it will be seen that by taking the 
fuel as coal, more than four Ijgies as much heat is theoretically 
obtainable than if the allowance is talatn as gas, and jibout 
twelve times as much as if electricity is taken.* Similarly 
nearly three times as much heat could be obfained theoretically 
from the 15,000 cub. ft. of gas as frop the*8oo unijs yf 
electricity. , > * • 

Ibmjjst, however, be remembft-ed that a gieater efficiencji 
is obtainfd in gas an 3 electrical apparSifus than is the case 
with coal ^*see j)p. 229-231). 
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LIGHTING ALLOWANCE. 

i Theiamount.s of coal gas and electricity allowed under the 
heading of lighting allowance are not in the same proportion 
as 15,000 cub. ft. of gas to 800 (inits of electricity (i.e. 16'8 
cub. ft. of gas to I unit of electricity), but are in 'the pro^r- 
tion 15,000 cub. ft. of gas to 240 units of'electricity (i.e. 02'5 
cub. ft. of gas to I unit of electricity). 

This basis is arrived at on the assumption that i Board* of 
Trade unit of electricity and 62'5 cub. ft. of gas, used for pufi 
poses of illumination, produce lights of approximately equal 
intensity. ■ 

Thus if a 100 watt metal filament electric lamp and an 
incandescent gas burner, consuming 625 cub. ft. of gas per 
hour, give lights of approximately equal candle power • (about 
90 c.p.), in one hour the electric lamp requires too watt-hours, 
or O'l unit, i.e. I unit in ten houls, and ^he gas burner will 
consume 6-25 x 10 = 62 5 cub. ft. of gas in ten hours. 


'further CALCUtATIONS RELATING TO FUELS, ETC. 
COAL GAS AS A SUBSTITUTE FOR PETROL. 

«> 

Calculation of the volume of coal gas which is eguivalent 
in calorific power to i gallon of petrol. - < 

The coal gas is assumed to have a calorific power of 480 
B.Th.U. (net) per cub. ft., and the petrol (density 07) »o-5 
Cal. (net) per gm. 

I gallon of water = 10 lb. = 453 ® 6,™*- 

I „ petrol = 07 X 4536 = 3 I 25'2 8™®-* v 

.'. Cajorific power of i gallon of petrol = 3^75 ^ I0’5 Cal. 

= 33337-5 Cal- 

Calorific power of the gas = 480 B.Th.U. = ~gg “ 121 

Cal. jJer cut. ft. * , ' 

12! Cal. obtained from i cub. ft. of gas. 

3,3 3 37'S Cal. pbtained from = 267 cub. ft. 

‘ Thus 267 cub. ft.^ of thfe.gas are equivalepU to i gallon of 
the petrol. ' 

,For gas ab^s. 'per^iooo cub. ft, the quanti?y of,gas 


* Sec p. 321 . 
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equivalent to i gallon of petrol would thus cost rathy more, 
thaft IS. ,• 

• For further information on this subject see “ Interim ^ 1 - 
'^ort of the Gas Teaction Committee (1918), H.Jl. Petfoleuiti 
Executivfe ” (H.M. Stationery,Office) and “Applied Chenjistr)^ 
Reports," VoJ. II., 1917, p. 43 (Society of Chemical Industry). 
•• • 

COMPARISON OF THE COST OF HEATING BY MEANS OF A 
. .GAS FIRE AND AN ELECTRIC RADIATOR (UNENCLOSED 
,* PATTERN). , 

Assuming that the consumption of gas per hour is 40 cub. 
ft. and the calorific power of the gas 120 Cal. (net) per cub. ft, 
the amount of heat generated pe-' hour =40 x i qo = 4800 
Cal. 

On the assumption that 2 5 per cent of this heat is lost as 
flue heat, the amount of jjeat obtained as convected and 
radiant heat from the gas fire is | x 4800 = 3600 Cal. per 
hour. 

At 3s. 4d per 1000 cub. ft., 40 cub. ft. of gas cost approxi* 
mately I‘5 pence, or 3600 Cal. for effective heating are 
obtained for r5 pence. 

An electric radiator required 12’5 amperes at 200 v tljs.; 
i.e. 12'5 X 200 = 2500 watts* = 2'5 kilowatts, or in one 
hoiflr 2-5 lihits. 

From the relation 

ukilowatt hour = 864 Cal. (see p. 261), 

2-J kilowatt hours = 864 x 2'5 = 2160 Cal. 

At 2'5 pence per unit, 2-5 units cost 6‘25 pence. 

ThuSi with'the electric radiator for 6-25 pence 2160 Cal. 

. are obtained. 

For 6‘25 pen* with the gas fire, the amount of effective 

heat - = 15,000 Cal,, 

I '5 

that is, under the conditions given, nearlj^seven times as much 
heat for the same expenditure. 

FIRE EXTINGUISHERS. 

1 • 

In order to extinguish a fire it jp necessary to reauce me, 
temperature, as toi*exapple by the*use of water, or to exclude* 
oxygen (by, use of sand, a blanket or otRer woollen material) 
from t[ie burning material. In some t^pes^of ire extinguisli^ 


Amperes x volts s watts. 
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, these two aims are combined^ Thus in fliany types ot ap¬ 
paratus jvhen the extinguisher is required for use, a solution of 
hydrochloric acid is allowed to come in contact with a solution 
conlaiaing e/cess of sodium bicarbonate; ^he resulting Streamr 
af w^ter highly charged with carbon dioxide is the* directed 
on the base of the fire. The carlson dioxide and steam which 
are generated exclude the air from the burning materi^l^ The 
water reduces the temperature, partly owing to the heat re¬ 
quired to remove it by evaporation, and partly by driving the 
flame from the surface of the burning material. A protefctiVe 
fitm of sodium chloride and carbonate, formed by decompcfei- ^ 
tion of the excess of bicarbonate, is produced on the surface 
of the burning material. ' 

In other forms of apparatus solutions of sodium chloride, 
ammonium chloride, caldium chloride, sodium sulphite, etc., 
are employed. Apart from the cooling effect of the water, 
incombustible gases are formed ^in some ''cases, and a layer 
of non<ombusi;ible substance is left qn the burning Sur¬ 
face. 

, Another type of fire 'extinguisher consists of a metal pump 
by means of which a stream of a non-inflammable, volatile, 
organic liquid, such as carbon tetrachloride, CCl*, is 'directed 
on ^he fire. The vapour produced by the evaporation of 
this liquid excludes the air from the burning material. These 
appliances are useful in dealing with petrol burning in a eon- 
fined space. The use of water in such cases would probably 
lead to an extension of the fire, as the burning oil will .float 
on the surface of the water. 

The use of carbon tetrachloride as a fire extinguisher may 
be illustrated by setting fire to a sfnall quantify, <Jf light 
.petroleum in a beaker, when it will be Observed that* by the 
additioni-of carbon tetrachloride to the burning material the 
flame is extinguished. The addition of water to the burning 
petrol will not extinguish the flame. 

A solid mixture which consists of approximately 40 per 
cenf? sodiism bicarbonate and 60 per cent, calcium carbonate 
is^lso employed fis a fire extinguisher. Such mixtures when 
applied to a,fire will produce carbon dioxide, anCi form a pro- 
Tiective layer on thh surface of the burning nfaterial; their use, 
‘however, except for fifeS ®f a very limited extent dops not 
^ appear to be reliable' The same appKes to fire extinguishers 
of the grenade ^ypd. j 

* TheganalysS of the materials used for thfe various types.* 
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of fire extinguishers may I59 carried out by the vdinary’ 
methods. • * ^ 

• The relative mprits of the various forms of jpparatusiand 
'substances employed for extinguishing fires are discussed 
articles in “ Nature,” 1915, pages 373 and 565. 

COAJ. TAR DISINFECTANTS. 

SOLIDS. 

,* In the solid preparations crude carbolic and cresylic acic^, 
containing phenol, CjHjOH, and o., m. and p. cresols, 
C,I^(CH3)0H, together with some hydrocarbons, are mixed 
with an inorganic substance such as calcium carbonate, cal¬ 
cium sulphate, slaked lime, etc. * * 

To determine the percentage of phenols in such a mixture, 
a weighed amount •(about 50 gms.) is extracted with ether in 
a Soxhlet extraction appar&tus (see Vol. II.). In this way 
the phenols and hydrocarbons are obtained in ethereal solution. 
If the original powder contains free alkaline hydroxide, such 
as calcium hydroxide, it is necessary to acidify with sulphuriif 
acid (i part of acid to i of water) before extraction w'th 
ether^ care being taken that the temperature is kept low, 
otherwise phenols will be lost. * 

J'he eiljereal solution is then treated in a separating funnel 
with two successive portions, of aboi^t 20 c.c., of 20 per cent 
' sodium hydroxide solution. The phenols are thus converted 
into fihenoxides which are soluble in the water, and the hydro¬ 
carbons remain dissolved in the ether. 

The combined sodium hydroxide extracts are then evapo¬ 
rated on*a water bath fo about 10 c.c., the solution being first ^ 
heateti^y immersion in hot water, well away from ar^y flame, 
until the ether retained has been expelled. 

The solution of the phenoxides is then transferred to a 
small graduated cylinder an^ acidified with sulphuric acid 
(i ; 2). The volume of the phenols liberated is rea^ off when 
the mixture is quite cold. On the assumption that i <Sc. of 
the mixed phenols = ro5 gm.,* the percentage b^ weight *of 
phenols in the original powder may be calculated. This varies,, 
as a rule, from 10 to 20 per cent in.snch preparations. < 

In tmother method (pr detei'mining the phenols, a weighed 
quantity of fhe powder, after acidification, is disy'lled in steaq|, 

V * Aliliough thefeixed phenols are specifically heaider &an watei th^ wiTl 
float on tile solution of sodium sulphate. 
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the phenols and hydrocarbons ih the distillate being separated 
after extraction with ether as described above. 

LIQUIDS. 

These preparations usually consist of mixtures of a fraction 
of a coal tar distillate, rich in phenols, with soap and >yater. 
Resin is also sometimes used in their manufacture. In some 
cases the coal tar distillate is mixed with fat, which is then 
saponified. * ' 

*■ Cresols are only slightly soluble in water, but when mixed 
with soap give liquids which remain clear on dilution with water. 

The rtfost important test in connection with these liquid 
disinfectants is that known as the Rideal-Walker test, in which 
the actual bactericidal property of the preparation is compared 
with that of a solution of phenol of known concentration. 

The operations involved in qne cnethbd for the purely 
chemical analysis of such mixtures, howev/;r, are as follows':— 

Five to logms. of the liquid in about too c.c. of warm water 
are treated with about c.c. of lo per cent, sodium hydroxide 
solution, whereby the phenols are completely converted into 
phenoxides, if not already present in this form. The hydro¬ 
carbons are then extracted by means of ether. ' • 

To determine the amount of these hydrocarbons, the 
5thereal solution is dried over anhydrous potassium* carbonate 
and transferred to a dry, weighed flask. The ether is then > 
distilled off (see p. 170), the flask and residue dried in a desic¬ 
cator over sulphuric acid and weighed. 

After the ether has been removed by immersing the flask 
in hot water, the alkaline solution confining the pherfoxides, 
soap, etc., is neutralised by the addition of hydroohlorc acid, 
the acid’being added until a slight turbidity is produced. 

About 15 gms. of solid barium hydroxide is then added to 
the solution, a reflux water condenser is attached, and the mix- 
ture^ heated on the^water bath for about half an hour, with 
Freqpfnt shaking. 

t The barium salts of the acids present in the soaps, etc., 
ivhich,are insoluble in water, are then .filtered off from the cold 
liquid through tea'sed asbestos, by means ctf a water pump. 
The filtrate, which pon&ihs the phenols as barium phenpxides, 
is then acidified with hydrochloric add and the pfienols ex- 
;Aicted by m^s olf e|her. The ether is evaporWed off and 
:&e r^idue of mixed phenols weighed. (See alio separation 0^ 
ifijenols from «pa{),.p. 69.1 



Chapter X. 

MATERIALS USED FOR THE PROTECTION OF 
\WOOD, METAL AND OTHER SURFACES. 

PAINTS.* 

Oil Paints. 

The three essential constituents of an oil paint are _ 
jigment and drier. , 

T^e medium usually lonsists of linseed oil,f which by 
ibsorption of oxygenj'on exposure to air, is converted into a 
olid substance, atnd in this way the paint hardens. Polyraerisa- 
ion also takes place when the oil is exposed to air, with the 
production of solid substances. 

The linseed oil, which is used in paint manufacture, is 
)ften previously heated to about 150° C. with a drier (Jee 
5. 26 j), as b^ this treatment the rate at which oxygen is sub- 
iequently absorbed by the oil is greatly increased. The oil 
fhich has been treated in this manner is known as “boiled 
)il’’. • 

The glycerides present in linseed oil are derived very 
argely from un^aturated acids, and the absorption of oxygen 
ak^s plac? at the doublfc bonds. In the presence of certain 
lalts of l€ad and manganese (driers) this absorption of oxygen 
s accelerated. Tl^se salts probably interact with the free 
icids formed by the partial decomposition of the glycerides of 
he oil, and the resulting compijiands act as catalytic agents. 

The gain in weight of linseed oil on exposure to air rnay 
)e illustrated by spreading a thin layer of the substance { xver 
he inside of a^weighed petri dish, and noting* the increase ift 
he weight of the djsh and oil at regular intejvals. ‘ 

• The subject of pun^s, varnishes, etc., is^l^dealt with very briefly; for 
further infftrmftion boc^s of reference mvst be conBultf:d.* 

t During the war a large amount of paint has beeif made in which medium 
:on«8t8 of the acids obtained from linseed oil. t * • * ^ 

y J Putt^, which if a mixture of “ boiled ” linseed gil fed whitening ori 
mtmg (CaCO,), may also be employed for this purpose. 

• * (267) 
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lUwill be noticed that absorption of'oxygen produces at 
first a'lf increase in volume, as shown by the production •of 
furrojvs on the surface of the oil, but ^s, oxidation jjrocseds 
, contraction takes place, the final product of oxidation occupy¬ 
ing'a less volume than the original oil. Thfe contraction leads 
to the formation of cracks in paint which has been applied to 
a surface for a long time. « '■< 

Turpentine is often added to the oil to facilitate the dis¬ 
tribution of the paint. This substance, unlike linseefl .oil, 
yolatilises on exposure to air. 

The pigment is usually a very finely powdered amorphous 
substanc,e insoluble in the medium. In determining whether 
or not a substance is suitable for use as a pigment, it is neces¬ 
sary to Consider [a) th^ permanence of the colour, or in the 
case of a white pigment its power of resisting discoloration 
by sulphuretted hydrogen, (b) its covering power and body, 
or opacity; that is, the extent l?o wfiich it can be spread, over 
a surface and at the same time compfetely conceal the sur¬ 
face below, (<;) its dryii-(g power, that is, its action in promoting 
absorption of oxygen by the oil. 

By far the most important substance used as a pigment is 
white lead or basic lead carbonate, 2PbC03. Pb(OH)2.^ This 
substance has great covering power and opacity, and is used in 
the manufacture of a large number of paints, otl^er pigments 
being added to give th^ necessary colour. 'Basic lead sulphate 
is sometimes used as a substitute for white lead. "* 

Owing to the fact that lead is a cumulative pois< 5 n, the 
use of white lead is open to serious objection from the point 
of view of those engaged in the manufacture; and application 
of paint, and another objection to its. use is thaf it is dis¬ 
coloured on exposure, owing to absorption of suljihuretted 
hydrogen. For these reasons a mixture of zinc sulphide and 
barium sulphate (lithopone) is largely used as a substitute for 
white lead. 

• For black paints lampblack is extensively employed, 
i^or coloured paints both organic and inorganic compounds 
rfre used, the latter as a rule being more permanent. 

, Yellov/ paints may contain hydrated fgrric oxide (yellow 
ochre), lead chromate,(cJirome yellow), cadmium sulphide, etc. 
Calcined ferric oxide is used for ^rowd faints.* • 

Red paints contain red lead, mercuric sulphide, etc. 
^Prussian fclue anfi indigo are used for jblud' pmnts and 
PrussiSn blue ujith lead chromate for ereen paints.. Coppw 
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and chromium compounds are *also used for this pur¬ 
pose. 

The drier is a substance usually added to a paint in orde* 
t^) Accelerate the absoaption of oxygen by the oil. • MangjinSs^ 
bcjjate, leaf! acetate.‘litharge, etc., are used for this purpose. 

The* Partial Analysis of an Oil Paint. 

•• • 

In carrying out an analysis of an oil paint, the volatile 
matt^ is first determined by heating 2 to 3 gms. of the paint 
in a.weighed, flat bottomed porcelain basin for two hours in an 
jir?)ven at 100° C. The dish is then weighed and the heating 
continued as long as the paint loses weight. 

For the examination of the oil and pigment (and drier) 
the procedure is as follows :— . 

Ten to 15 gms. of the well-mixed paint are weighed into a 
beaker and 25 c.c. oj" light petroleum added, any lumps being 
brokjn up by means o?a ^ass rod, 40 c.c. more of light 
•petroleum are added, *rd when the pigment has settled to th^ 
bottom of the beaker, the clear liquid is poured off through a 
tared filter paper into a tared flask. The pigment is washed < 
with successive small quantities of light petroleum and the 
washing.s poured through the filter. The pigment is linally 
transferred to the filter, dried in the steam oven and weighed 
on the Alter paper. 

The J'he light petroleum is evaporated from the oil 
By heating on the water bath (see Fig. 10, p. 170). The 
, flask ama oil are then dried in the steam oven and weighed. 

If the physical and chemical constants of the oil (specific 
gravity, refractive index, saponification and iodine values) are 
to ^e determined (see Vol. II.) the light petroleum should be 
..■emove^by Yneans of a stream of carbon dioxide, to prevent 
oxidation of the oilf * 

The Pigment (and drier).—If the original paint contained 
varnish, or other substance not^xtracted by light petroleum, 
the pigment obtained after removal of tht^oil will be sticj^y. 
In this case the resins mixed with the pigment may be Sxtrajted 
by means of alcohol, chloroform, carbon tottachloride, etw, 
after the extraction with light petroleum. ^ 

If the paint contained an organi''colouring matter, which 
is sometimes prefcnt in red and gfeen* paints, some of this 
, will be removed by the afcohol, especially if ^the residue is pre¬ 
viously acidMfed with hydrochloric acid (ste “ Coljitring Matter? 
\FoidV’Vol. ll.). • 
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The pigment, free froln oil and varnish, may now be 
analy}.ed qualitatively and quantitatively by the usual methods. 

VARNISHES. 

These preparations consist t)f various fesins dissolved in 
oil (usually “ boiled” linseed, or tung oil), turpentine,^alcohol, 
or sometimes aqueous solutions of alkilis. Coal tar rtaphtha 
and light petroleum are also employed in their maiiufacture. 

In the preparation of oil varnishes, the hot oil is ws^lly 
ndded to the fused resin, and in this way the properties of^the 
oil are considerably modified. 

The. composition of the preparation varies according to 
the purpose for which it is employed. Thus with an oil 
varnish, which is suitable for surfaces exposed to the open air, 
the oil forms part of the dried covering and a durable varnish 
is obtained. Turpentine varnishes^ dry-more rapidly owing 
to the evaporation of the solverft. Alcohol (spirit) varRishes^ 
dry very quickly, but the resin left behind is liable to scale off. 

Enamel paints, or einamels, usually consist of oil varnishes 
' to which a pigment in an extremely fine state of division has 
been added. For white enamels zinc oxide is usually em¬ 
ployed, on account of its greater degree of fineness a,s com¬ 
pared with white lead. 

' The examination of varnishes is a matter of tconsidprable 
complexity and will not be dealt with herS. Evidence as tp 
the nature of the solvent employed may, however, be obtained 
by distillation in steam. 

The use of solutions of resins for lacquering, japanning 
and French polishing will be dealt with in the lectures. 


• WATER PAINTS, DISTEMPERS, WHITEWASH. 

In these preparations the medium, water, contains various 
substances in suspension and "solution. 

< In vihitewash 'calcium carbonate, known as whitening or 
whfting, which has been washed by soaking in water, allowed to 
fettle and strained through a fine sieve, is mixed with a solu- 

< tfon* of size. • < , 

A small quantity .ot ultramarine, or other blue colouring 
matter, is added tb counteract the yellow colour of'the' whiting. 

Distemp^s are'usually emulsions containing,water, cakiumi 
• carbonate or^sulpha?e, soap, glue, oil, resjn arid polouiiQg 
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Me^aI! polishes' 

maiicr. v^asein is also used in sbme cases, and small quanti- 
ties^jOf phenols are sometimes jSresent in these preparations. 

Water paints usually contain a larger percentage of oil, 
^i?d ii> some cases calcium stearate is present. ■' , , 

The fpllowing ^ries of tests may be applied to the above 
mixtures after thS removal of water by drying:— 

{a) ExtrEKtion of oil, together with any fat and fatty acid 
presedF, by means ofether. 

(i) Extraction of soap, resin and possibly some colouring 
matter by means of alcohol. The soap should be tested for 
b)4,^vaporation of the alcohol, solution in water and separatiesn 
• of fatty acid (see p. 6i). 

(c) Extraction of glue by water and its precipitation from 
the aqueous solution so obtained by tannic acid or alcohol. 

After extraction of the soap witli; Icohol, the residue should 
be acidified with hydrochloric acid, and the stearic acid, obtained 
from the calcium stearalf, extracted by means of chloroform. 

Phenols are tested for b)^ distillation in steam, after acidi¬ 
fication. ’ 

The inorganic colouring matter, which may be chromium 
oxide, an ochre, etc., will remain behind after extraction of the 
oil, soap, etc., and should be tested for in the usual way. 

IC an organic colouring matter is present, some of it will 
be extracted by alcohol, but in the case of a lake probably 
onl)i after treatment with hydrochloric acid. 

> 

METAL POLISHES. 

Liquids. 

In general,-liquid metal polishes consist of mineral matter 
suSpen-^^ jn a solution of an organic acid, such as oleic ^ 
acid, in paraffin ^ 1 . In some cases, however, a mixture of 
alcohol and water is used instead of paraffin. The.mineral 
matter as a rule consists of a very finely powdered aluminium 
silicate, but substances such a^ calcium carbonate, silica and 
rouge are also employed. Ammonia, sodium casbonatd or 
soap afe present in some of these preparatioivs. ’ ^ 

The modeof action of such polishes is partly o( a mechani¬ 
cal, and partly of a chemical nature. OxideS and gulphidesr'of” 
metals, which arp j)roduced on thi; ^surface of metals when 
they tarnisffi in air, are usually readily soluble in acids, but it 
is essential.that only such acid or other,substanqp, as is witl> 
iDut pronounced) action on the metal itself, .shall beuped^ini 
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^metal polish. Thus mineral acids are quite unsuitaBle for use 
in the^;, preparations. The object of the addition of parjiffin 
tfll, or alcohol, to these polishes is to facilitate the removal di 
greasafrom (he surface of the metal. The mineral matter "is 
addefj to help in the mechanical removal df the tarnjsh, and in 
the production, by polishing, of (he necessary smooth thin film 
of metal on the surface polished. It will be obvious that this 
mineral matter must be free from largt or gritty pafticles, 
otherwise the surface is scratched. It is very important in 
using these polishes that none of the mixture be allowed .to 
remain on the surface of the metal, otherwise re-tarnishing 
takes place very quickly. 

The analysis of liquid metal polishes usually consists of 
determinations of volatile matter, oleic acid, mineral matter 
and the flash point. c 

(a) Volatile Matter and Residue .—5 gms. of the well- 
mixed polish are heated in a porcelaiij basin on the water bath, 
until nearly all the volatile matfer is expelled. The dish is 
tSen heated in the steam oven until the weight is constant. 

, If the residue is alkaline, it is treated with warm water and 
filtered. The filtrate is tested for sodium carbonate and soap 
(see p. 74). _ • 

Jn order to ascertain the nature of the volatile mattpr, 50 
gms. of the polish are distilled in steam. The oil, which 
separates in the distillate, is removed by means of a> separating 
funnel, dried over calcium chloride and disfillecf, the range of, 
temperature over which distillation takes place being noted' 
(seep. 169). This oil will usually be a mixture of paraffin 
hydrocarbons, in some cases, however, it may be a coal tar 
naphtha or turpentine. 

ib) Aadity .—20 gms. of the polis'h'(containing' paraffin) 
are dilr.ted with an equal volume of light petroleum and 
filtered into a flask. The extraction is repeated with successive 
small quantities of light petroleum, which is then evaporated 
from the combined extracts. The residue in the flask, consist¬ 
ing bf olei; acid, he^vy petroleum, etc., is heated on the water 
b^th* with 50 f.c. of alcohol (which is neutral to phenol- 
phthalein) ^nd the solution titrated with N/io sodium hydrox- 
idS sdlutioa, usin^ phenolphthalein as indicator. In this way 
the percentage of oleioaei^ in the polish is (Jetermined. 

Mineral acids shpuld not be present in t^ese polteh^; they 
iliay be tested ior ih t^e solution obtained by shaking some of 
(he polish witn water. 
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Oialii acid rtiay be present, and the presence of a small 
quantity of this substance is not> objectionable. « 

f • (?) Mineral Matter. — The mixture remaining after*ActraC| 
tio*i with light petfoleum (^) may be extracted ,with alcohol 
fiir removal ol soap, and with water for removal of sodiunf. 
carbonate,' ete. The residue »may be examined for grif by 
rubbing some pf it in a basin with a flat-headed glass rod, 

{dyFlash Point.-rTh\s determination is of importance 
in connection with the storage of these preparations. It is 
carriq^ out as described on page 247. 

,• * 

, If alcohol is present in a liquid metal polish, its amount 

may pe determined as in the case of an alcohol-soap mixture, 
page 249. 

Ammonia, if present, may be ci’jtermined by distillation 
into a measured volume of a standard solution of an acid. 
(See Kjeldahl Deterjnination of Nitrogen, Vol. II.) 

Polishing Pastes. 

With these preparations the following series of tests may* 
be carried out:— 

{a) Determination of volatile matter. 

{by Extraction by ether for removal of fat, fatty aci J and 
mineral oil. The fatty acid in the residue, obtained after 
remoVal of fliti ether from this extract, is determined as des- 
eri-bed on page 272. Another portion of the residue is boiled 
, undera-cflux for half an hour with semi-normal alcoholic sodium 
hydroxide solution, whereby the free fatty acid is neutralised 
and any ftt niesent saponified. Mineral oil, vaseline, or other 
unsaponifiable matter, remaining in the soap solution thus 
uotaiii-iu, L Extracted after dilution with water by means of 
light petroleum. /The total residue from the ethereal Sxtract, 
less the sum of the fatty acid (calculated as oleic acid) and the 
mineral oil, gives the amount o^fat. (Compare unsaponifiable 
matter in soap, p. 68.) « , 

(e) Extraction of the residue with alcohol for the renjoval 
of soap, after removal of the fat, fatty aci J Snd mineral o^, 
followed by extraction with water for removal of sodiutp car- ^ 
bonate, etc. (see Chapter III.). The final residue is^hen tested 
for grit.as ^escribed above. 

(il) Testing for minetal acids in an aqdeous extract of the 
original pastS. 

18 ' 
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‘ Nitrobenzene is usually added in small quantity to *these 
t-preparjtions to mask the odour of the fatty acids.' 

Thh Vse of'Aluminium and Soda for<nemoving TarniSl^ 

Metals which are not attacked by solutions of alkaline 
carbonates, e.g. silver, may be cleaned by placing the tarnished 
surface in contact with a piece of aluminuim foil, which'is then 
immersed in a warm solution of sodium carbonate or washing 
soda. ^ 

^ The aluminium dissolves in the alkaline solution witluthe 
evolution of hydrogen ; the oxides and sulphides of which thei 
tarnish i^ composed are thus reduced, leaving a clean metallic 
surface. 

The following equa^on shows the reaction between the 
aluminium and sodium carbonate:— 

NajCOs + 2AI + sHjO = NajQ^ljDj + sH, + CO,. 

^ Sheets of metal are now sold for this purpose under various 
names, and may be shown by the usual qualitative reactions 
^o be composed of aluminium. 

Powders sold for use with the metal should be examined 
in the manner described for water softeners (see p. 36). 

FURNITURE POLISHES. 

These preparations * are usually mixtures 01 suostances 
such as beeswax, paraffin wax and turpentine. Sometioaes, in 
addition, they contain soap and water. 

In analysing such a mixture the volatile matter would be 
determined and the residue extractedtwjth ether fer removal 
of wax. The relative proportions of beeswax 'and«paralBn 
wax in* a mixture of these two substances is determined as 
described in Vol. II. After extraction with ether, any soap 
in the residue may be extract^}! by means of alcohol. 

BOOT POLISHES. 

^Jack boot polishes often consist of mixtures of a saponifi- 
affie oil orla wax, such as beeswax, carnaUba or paraffin wax, 
with sugar, sulphuric'actd, glycerine, turpcntine,and finely 
divided carbon, such as lampblack or^animal charcoal, 
f By the sRtion ofjsulphunc acid on animal *aharcoal tfafi 
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carbon is*set free in a very fine state of‘division, the calcium 
phosphate being converted to icid calcium phosphat^* which 
leads to the removal of the sulphuric acid. Carbon is als* 
(iet freo from the sugar by the sulphuric acid. 

This af id, if presfent in excess, would lead to the destruction- 
of the leather to ifrhich the perish is applied. 

Owing to che hygroscopic nature of glycerine, the presence 
of this^ substance in boot polish serves to keep the latter 
moist It also facilitates the distribution of the polish, keeps 
the Iftather soft and prevents the growth of moulds in the 
prefiaration. • 

' In analysing these mixtures the volatile matter is first 
detemined. Its nature is ascertained by steam distillation, as 
described under liquid metal polishes. 

Oil and wax are extracted by means of ether from the 
dried material. Extraction, with alcohol of the part insoluble 
in ether will remove glyqprine, some sugar and possibly a dye. 
Aftffl- evaporation of the alcbhol, glycerine is tested for by 
means of the borax test (see p. 58). * 

Sugar may ’be determined in an aqueous extract of the, 
preparation, by means of Fehling’s solution, before and after 
inversion (see Vol. II.). 

Tte amount of carbon is determined by noting the I033 in 
weight on igniting some of the dried residue obtained after 
extraciloii with ether, alcohol, and water. If bone black w*as 
ysed in the preparation of the material, a residue containing 
calcium phosphate will be obtained after the removal of the 
carbon. 

Free acid or alkali may be determined in an aqueous 
extract of the polish. 

In biOwy polishes yellow ochre or other pigment is used 
insteaa of carbon. 


GLAZES ANI> ENAMELS. 

The methods employed for the production and glaziitg of 
pottery ware,^hina, etc., and also of enatiiels, will be con¬ 
sidered in the course of the lectures. It ig, theAfore,»only 
necessary here to discuss briefly the jiature and pfoperties of 
glazes imd, enamels; with reference* to their use for various 
household utensils, and lo describe the nSqthods which ma;^ 
Ae employefl for^examining such s^ticles'in the Tfboratorv.. 
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dlAZES. 

• 

Poffery ware can be coated with a vitreous layer or glaze, 
which ^endeiB it impervious to liquid, anrfjwhich may also fte 
ilsed for carrying out decorative designs. ' 

Such glazes are composed essentially of an easily fusible 
glass, frequently a lead glass, and consist, after fusion, of 
silicates, or of silicates and borosilicates*of alkali and alkaline 
earth metals and possibly of lead. 

Other metallic oxides may be added with a view to^pro- 
c^icing (a) a coloured glaze for which purpose oxides .of 
manganese, cobalt, etc., may be used, or (b) an opaque glaze or 
enamel, for which purpose stannic oxide (SnOj) is usually# em¬ 
ployed. (See also Enamels, p. 282.) 

The riw ingredients used for the production of glaze are 
chiefly: felspar, china clay, chalk, flint, sand, boric acid, 
borax, potash, soda and compounds of lead, e.g. litharge, red 
lead and white lead.* ' 

• The glaze is applied in the form of a fine suspension in 
water, and the soluble ingredients borax, soda; etc., are previ¬ 
ously rendered insoluble by fusing with a portion of the 
ingredients containing lime, alumina, and silica, e.'g. china 
clay, felspar, etc., whereby insoluble silicates and borosiljcates 
are‘formed, and a glaze with better physical properties ob¬ 
tained. t f 

The fused mass is rup into water to separate iv in a granular 
condition and in this form is known as "frit". In some cases 
the whole of the ingredients are “ fritted,” i.e. subjecffed to 
preliminary fusion before being used. 

The ingredients of the glaze should be adjusted so that 
the coefficient of expansion of the glazt is as nearly is possible 
equal tcj that of the underlying body, or cracking and separa¬ 
tion of the glaze from the material will occur. 

Lead in Glaze. 

Ifi chlha and earthenware glazes the lead calculated as 
lead monoxide (PbO) may be from io-,20 percent^, occasionally 
_mjre, and iveragfs about 17 per cent. 

*Pilsj>arfZ name given <lo* certain naturally occurrir^ silicates of sodium, 
potassium and aluminiufn, sometimes containing lime (fime*felspa 4 ' China clay 
or kaolin^ Al],03. aSiOj. SHjO, produced by thfe weathering of felspar. Flint 
Std sandi SiO^. J^tkarge, £b 0 . Red lead, Pb304. White leadi ^asic carbonate 
ofleid, aPbCO,. Pb(Ofi)B. * 
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in a good "inwluble” glaze*however, the proportion of 
".sohtble lead'' i.e. lead which is soluble in dilute acids»*should 
bg very small. 

Method of Determining Soluble Lead in a “ Fritf' of 
Glaze. —The British official ifiethod is as follows ;— 

Oje gram of the dried glaze or frit, ground ready for use, is 
shaken continuously for an hour with looo times its weight of 
a 0'25 per cent, solution of hydrochloric acid. After being 
allbwed to settle for an hour, an aliquot portion is filtered off, 
the silica separated by evaporation in the usual way, the leAl 
precipitated as sulphide, and finally weighed as sulphate. 

Fn this country potters who use no glaze yielaing more 
than 5 per cent, of “ soluble leari,” as thus determined, are 
exempted from certain restrictions. * Further exemptions are. 
allowed where the glaze used gives not more than 2 per cent, 
of soluble lead.* ' 

%ead Dissolvedj\'>m Pinisnea Ware. —Unless the lead is 
completely converted into insoluble compounds on fusion, tfie 
more soluble portions will be extracted by the action of diluta 
acids on the glaze of the finished article, e.g. by the action of 
vinegar or fruit acids such as may be used for culinary pur¬ 
poses. , 

In Germany the manufacture and sale of glazed ware for 
culirtary ortlrfnking vessels, which yields any soluble lead com- 
,*pound on boiling with 4 per cent.f acetic acid for half an hour 
is prQi’ibited, but in this country there is no standard test 
other than that mentioned above. 

.Examinatio" of Glazed Pottery Ware. 

• 

The complete^hemical analysis of a glaze can b(» carried 
out by methods similar to those used for the analysis of glass. 
The processes involved are complex and need not be dealt 
with here, but glazed articles*such as are used for ordinary 
household purposes may be conveniently examined in* the 
manner indicated below. 

Flaws in*the Glaze'. —A good glaze shoulc^ present a 
smooth, uniform surface. If a finely divided coloured p6wder* 

* Lead ir an inscilifble form is less injurious than soluble lead to the 
^ workers who apply the glaie,*and Oliver (“ Dangerous Trades,” Murray) ad¬ 
vocates the adoption of the a per cent, ^ndard oC^lubility^gnd suggests th|t 
• all lead glazel should be fritted before use., * 

t A good vinegA may contain 5 pec cent, of acetic atid, see Vol. H. 
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is rubbwi over the surface, it will collect ,'n any small cracks 
'or pitSi'in the glaze, and these will show up when the surface is 
Examined with a magnifying lens. , 

, 'Grfphite* may be used for light-coloured glazts and 
powdered talc for dark-coloured glazes. 

Stability of the Glaze towarSs Weathering. —The stability 
of a glaze towards prolonged exposure to atmospheric,^condi- 
tions is usually tested by exposing the glaze to the action of 
hydrochloric acid gas for twenty-four to thirty hours. 

The experiment may be carried out in a bell jar ^hich 
fits air-tight on to a glass plate. A shallow porcelain dish 
containing concentrated hydrochloric acid is placed on the 
glass plate. Two narrow porcelain or glass strips are placed 
across th^ rim of the dish and on these the article to be tested 
,is supported. The article is so placed that the glaze is directly 
exposed to the acid fumes, and the whole is then covered with 
the bell jar and allowed to stand for tr^enty-four to thirty 
hours. , 

The appearance of the glaze is observed and any white 
/ieposit formed is washed off and examined qualitatively. 

Soluble Lead in the Glaze. —The examination of the glaze 
for soluble lead is most important in the case of ve.ssels used 
for fulinary purposes, e.g. casseroles,* etc. Such vessels'when 
bojled with solutions of organic acids, e.g. acetic, malic and 
citric acid, such as might be used in ordinary jjrijcessest fre¬ 
quently yield appreciaWe quantities of lead. (See Masters,* 
“ The Analyst,” 1919, 44, 164.) , 

The amount of lead extracted will of course depend on the 
extent of glazed surface exposed to the action of the acid, and 
in order to obtain a fair comparison in Vesting vessel^of various 
sizes and shapes the results are usually expressed au miLUgrcthts 
of kadi mononide (PbO) extracted per square decimetre of the 
glaze. 

Since it is difficult to calculate with any degree of accuracy 
the area of the surface attacked, if the glaze is only partially 
covered by the acid, it is advisable to fill the vessel nearly 
fuy with the acid solution, allowing just sufficient margin for 
boiling. 

• Casurola, the vessels 4 i<t<»referred to, are thos{ ciade of brotjoi pott^ 
ware and glazed on thdinside; versels made of fire-proof chin^’ or porcelain, 
which have a glazed surbte both inside ^nd out, do not as a rule yield any soluble 
l6ad, but articlesmade ol oijlinary “ kitchen china," e.g. bastn 4 , fie-dldiea,Ctc., 
Skmaaimes yield small rmonnts. 1 
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** To Determim the Soluble Lloui in the Glaze of a 'Casserole. 
-:-]ind the capacity of the casserole hy filling it wit^ watei 
frpm a graduated cylinder. • 

MSasure into the casserole a volume of 4 per cenj. aietic 
acid nearly sufficient to fill it, i.e. if the capacity is about 2^0 c.ci 
measure in 200 c.c. Place fte casserole on a thin asbestos 
pad ap.d heat over a flame. 

Note the time wKen the liquid begins to boil, and continue 
to boil for half an hour. The vessel may be kept covered 
wltl/the lid during this operation, and in this way any consider- 
abfe diminution in volume during boiling is avoided. • 

P'ilter the solution if it is not absolutely clear. Rinse the 
cas&role twice with a little hot distilled water and'add these 
washings, after filtering if necessary, to the rest of the solution. 
When cold, make up the acid solutirfl to its original volume or 
to any convenient measured volume, e.g. 250 c.c., etc. 

Transfer 50 c.d. of She solution to a Nessler cylinder and 
add 2 c.c. of a satiyated solution of sulphuretted hydrogen, 
stir with a clean glass rod and observe if any brown colora¬ 
tion is produced. The colour, if any, may vary from the 
least posrjble trace to a deep brown colour with incipient 
precipitation, and the procedure needs to be slightly modified 
according to the depth of colour obtained. 

(1) If a distinct, but not very dark, brown colour is*pro¬ 
duced, ii te first advisable to make sure that the coloratioTi is 
due *'0 the presence of lead and not to other metals (see 
p. If the coloration is due to lead, the amount of this 
substance present in another 50 c.c. portion of the solution 
may be determined by matching the colour produced, on the 
addition, of sulphuretted hydrogen, with that produced by a 
scaiid('rd lead solution, in the manner described for the dcj 
termination of l^d in water (see p. 29). 

From this the amount of lead present in the total volume 
of the acid solution, i.e. the total amount extracted from the 
casserole, can be obtained, 

(2) If no colour or only a very ‘aint doloratioivjs obtained, 
transfer the remainder of the solution * to^, a porcelaifi dish, 
evaporate ddwn to aboul: 50 c.c. on a water bath, add a few drops 
of acetic acid and then again examine for iead, syid determine 
the apount, if aqy, in the manner.described above. 

1’* • 

* If only a gmall volame of acid,^.e. loo c.Ct uaed for the experiment, 
there is noMvantage to be gained by further co^centrati(«i»and the lead fc%id 
^ shoulu be returned as a trace, or as nil, ai the case be, 
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In onJer to obtain the tolal lead extracted, allowance must 
be made in this case for the 5b c.c. of solution withdraw®, for 
the first'experiment, thus if the acid solution was made up to 
25a c.<^ and *50 C.C. withdrawn for the ^rst experiment t^e 
lead found in the remainder of the solution should be multiplied 

by .5 to give the total lea< 5 . 

200 4 , 

(3) If a very dark brown coloratio'n is obtained, it is 
difficult to match the colour with any degree of accuracy, and 
the solution should be diluted before the matching i^ at¬ 
tempted. 

Fifty c.c. of the solution may be diluted to 100 c.c. and 
50 C.C. of the diluted solution used for the experiment.' If 
the colour is still found to be too dark, the solution may be 
ftill further diluted. ‘ 

Calculation of the Surface. —The area of the glazed surface 
can usually be calculated with sufficient 'accuracy from the 
dimensions of the vessel. ' , 

' Thus casseroles are frequently nearly cylindrical in shape 
qnd in this case the surface is given by— 

area of base + area of curved surface 

( tt ?-’*) + iTcrh 

whefe r = radius of the base and h = height of the vessel. 

• f. * 

Results of Examinatipn for Soluble Leqd in^the Glaze of, 
Casseroles. —As the presence of soluble lead in the glaze of ' 
casseroles is a matter of considerable practical importance, the 
results obtained with two different specimens are given in 
detail below. 

Casserole, I. 

Cap^ity of vessel = 140 c.c. 

Diameter of base = 6-5 cm.) 

^ 1 Mean = 6-25 cm. 

„ „ top = 6-0 „ / 

Depth = S'5 cnr) * 

Surface^= area of base + area of curved surface 
= (3'3)“ + ztt X 3-1 X S'S sq. cm. 

= I '4 sq. dm. ' ■ * 

Onfc hundred cfc. of 4 per cent acetic ucid were boiled 
gently in the vessel for thfrty minutes, and the end qf this 
time the solution was made up to the original volume.* 50 c.c. 

An approxinftffely 4 pe? cent, solution of acetic acid is Obtained by 
dilftinf 5o,c.c. of comnTeicia! glaciaf acetic acid to i litref * 
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of the solution, oniaddition of _su'\phuretted hydrogen, gave a 
colour which was too dark to match. This colour w^ found 
tp be due to lead. * 

TBe remaining *50 c.c. of the solution weS’e dittited to 
100 C.C. and 25 c.c. of the diluted solution were transferred th 
a Nessler cylinder and diluted to 50 c.c. On the addition of 
2 c.c./)f sulphuretted hydrogen solution, the colour obtained 
was matched by 3-5 c.c. of a standard lead solution, containing 
0‘i mg. of lead per c.c. (see p. 30). 

1'hus 25 c.c. of the diluted solution contain 0'35 mg. of Pb. 
And 100 ,, ,, ,, ,, ,, 1 40 1, fj 

Or 50 „ „ original „ „ 1-4 „ „ 

And 100 ,, ,, ,, „ ,, 28 „ ,, 

Hence the total lead extracted from the glaze t 2‘8 mg. 


And the lend per sq. dm. of glaze = — = 2'0 mg. 

•Soluble lead i.s usually*expressed in terms of the oxide 
PbO, and since * 


*PbO 223 , . . • 223 

-rn— = —) this gives 2-0 x — 

Pb 207’ ^ 207 

= 2’i mg. of lead monoxide per .sq. dm. of the glaze. 


This experiment was repeated several times with the same 
vessel ind*lead was extracted in each case. The amount ob- 
tnined in the second experiment was Jess than that in the first 
(viz.,17 mg. per sq. dm.), but did not afterwards diminish 
appreciably with successive treatments. 

Casserole, , 11 . 

Capacity = 220 c.c. Diameter = 9-0 cm. 

Depth = 5 y cm. 

Surface = tt^x ( 4 ' 5 )'‘ + 2^ x 4-5 x 5 sq. cm. 

= lysq. dm. 

Two hundred c.c. of 4 per ceitft acetic ajid were boiled ^ntly 
in the vessel for thirty minutes, and at the end of this tiiye the 
volume of acid was ma(Je up to 230 c.c. ;g c.c, of this selu- 
tion gave a iaint brown tinge on the addition of sulphuretted 
hydrogen. The remainder of the solution (290 c.c.) was, 
avapoiatpij down to 50 c.c., and the colouj" then obtained on 
the addition of sulphufttted hydrogen wtis matched by 2 c.c. 
of the standard lead solution. 
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Hence 200 c.c. of original solution contain O'TT mg. of Pb, 

25o'(i.c. contain 0‘2 x - = 0-23 mg. ofPb. 

4 - 

'Total lea8 extracted = 0-23 mg. 

Lead per sq. dm. of glaze = = 0 ‘i 4 mg. 

17 

Lead monoxide per sq. dm. of glaze = 0‘14 x 

207 

= 0'l6 mg. 


ENAMELS. 

Enamels are essentially glazes, which have been rendered 
opaque by the suspension of solid particles in the vitreous 
mass of which the glaze ‘is composed For this purpose, as 
already stated (see p. 276), stannic oxide (SnOj) is chiefly 
employed, but other substances, q g. aliitimony oxide •. (Sbj,Oj) 
atjd calcium phosphate, are sometimes us^d. 

Enamel may be used for coating earthenware, or may be 
applied to a metallic surfkce, e.g. iron, but the term enamelling 
is now often restricted to this latter process only. 

The fusion of the enamel on to the metal must be carried 
out at a temperature 'below that at which the metal begihs to 
soffen, and the coefficient of expansion of the enamel must be 
as nearly as possible equal to that of the metal. ^ 

The enamelled articles used for household purposes are** 
made from cast or sheet iron. * 

The basis of the enamel is generally a borosilicate glass 
which is often lead free. 

** Examination of Enamelled Ironware.. 

Enamelled basins, saucepans, etc., may be examined in the 
following manner:— 

Action of Dilute^ Acid oti^ tke Enamel .—Boil 4 per cent, 
acetil: acid in the vessel for half an hour, as described for 
gla?e^ pottery ware. . 

Concentrate the acid to a small volume (100 cc,), divide 
^IntS two portions, examine (a) for the presence of lead and iron, 
if) for the presence of 4 ny*dissolved solid naaSter. 

^ * On account fit its poisfious properties the use of antimoitywxide is pro- 
hAiited in Germany. • 
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\a) iransfer the solution to*a Nessler cylinder %nd make 
it just alkaline by the addition of colourless ammonj^jm sul- 
fjhide. Then proceed as described on page 31. • 

{ij Evaporate ‘the solution to dryness and «ee if^n^ ap¬ 
preciable residue is obtained. 

Appearance of the Enathel .—The enamel if appreciably 
attached by* the acid will lose its gloss, and its appearance 
before and after the'experiment should be carefully noted. 

Examination of the Enamel for Lead .—In dealing with 
ehaftels and glazes which may contain lead, it is important to 
remember that only a small portion, if any, of the lead use<iis 
likely to be soluble in dilute acids (see p. 276) and that the 
tesft already described deal only with the detection-and deter¬ 
mination of this soluble lead. ^ 

To detect the presence of lead « an enamel the following 
tests may be used :— 

I. Moisten a rfmalLpiece of filter paper with hydrofluoric 
acfd, place upon tl’j enamel and allow it to remain there for 
some minutes. • 

Wash oflTlhe paper, together witii any pasty mass, into^a 
platinium dish or crucible. Dilute with water and test for 
lead by the addition of sulphuretted hydrogen. 

*. Moisten a small area of the enamelled surface with con¬ 
centrated nitric acid. Heat until the acid has evaporated, 
mdislon \fith a few drops of water followed by a few drops of 
' a 10 per cent, solation of potassium iodide. The presence of 
even ^ trace of lead is sufficient to develop the characteristic 
, yellow colour of lead iodide. 
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Beifzol, 90 yer cent.^ 171. 

Bevan^ 284. 
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Cal., 229, 240. 
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48. 
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-water paints, 270. 
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— stearate, x8, 271. 
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China clay, 53, 276. 

Chinese blue, 165. , 

Chloride ol lime, see bleachmg powder. 
Chlorinated lime, see bleadiiing gowdet. 
Chlorine, action of, on cotton, na. 

-linen, 124. 

-silk, 97. 

-wool, 92. 

^ as chloride in water, 9. 

—, — bleaching agent, 138. 

— available, in bleaching powder, 135. 
-hypochlorite, 138. 

— test for, in organic (^impound, 173. 
Chloroform as grease solvent, 171. 
Cholesterol, 62,89. 

Circulator, water, 226. 

Clay, China, 53, 

Closed typ(’ geyser, 226. 

(Xesees, 20. 

Coal, analysis of, 250. 
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Coal, •afoii^ciiowet.of, * 5 *. 

-mm. econofni8CT& 957 * « 

_ eaB, analysis of, ao6-i2. 

— as substitute for petrol, 262. 

_Composition of, 212. 

of. for lightingjind heatmg 
213 - 34 - ^ • 

— tar disinfectants, 205. 

Cocoa-nut oil, 55- 
Cohen, 200. 

Coley m, 20. 

Collodion, no. 

Combined alkali in soap, 60, 64, 00. 
Commercial soaps, 58-60. 

Co'n Aioning of wool, 94 - 
Congo red, 113.163. 

Cooling curves, 259. 

C pper, action of water on, 31. 
Coopbt-zinc couple, n. , , , 

Cost, comparison of, for gas and electric 
heating, 263. 

Coste, 234. 

Cotton, 106-22. 

_action of acids on, lojr-ii. 

^ _alkalis oti» m* ^ 

_ •__ other reagents on, H2. 

— mercerised, 112,114- 

_microscopical appearance ot, 107. 

_separaticn of, from silk, 132. 

_silk and wool, 132. 

_wool, 128. 

Cotton-seed oil, 55 - 
Cresols, 265. 

Cross, 784. 

Crum, TO. 

Cujftanrnonium silk, 117- 

— solution, 97. • 

___action of, on cotton, 112. 

__ . — on linen, 124. 

_on lustra-cellulose, 119. 

_on silk, 97. 

Cuprous chloride, use of, 207. 

D. 

Degu’-iming of silk, 9#. 

Detergent action of soap, 79-86. 

Dew point, 178. 

— determination of, 179. 

Diazotisation of wool, 90-. 
Diphenylamine and p. nitrobenzaloe- 

hyde, mixture of, 226. 

Dirty material, preparation of,^ 79 - 
Disinfectants, ctel tar, 265. 

_ in soap, 69. 

Distemllfers, 270. 

Drecsin g, deter minalsop of, 131- 
Driers, ih^lOg. 

Drop number, 78. 

Dry-bulb thstMometer, 180,1IS3. 


Dry-cleaning, 168-76. 
n— soaps, 173. 

— solvents, 168-73. 
meter, 242. A 

— soaps, 74 - , ^ 

Drying of linseed oil, ^7- 
Dyed wool, detection of, 93 - * 
Dyeing of cotton, 113. 

_linen, 124. 

-silk, 98. 

-wool, 93- 

Dyes, acid, 93. 

— basic, 93. 

— direct, 113- 
substantive, 113- 


Eau de Javelle, 138- . 

Efficiencies, determination of, 228-31. 

Eff u -ncy of geyser, 228.. 

_^ventilation, 201. 

Electric radiator, cost of using, 263. 
Electrical unit, 261. 

Eisner's reagent, 98. 

Emulsification experiments, 76. 
Emulsions, 76. 

Enamelled ironware, 282. 

_•xaminatioii of, 282. 

Enamels, 270, 282. 

End threads, 127. 

Eth«,'apparatus for distillation of, 170. 
— as grease solvent, 169. * 

Ethylene trichloride, as grease solvent, 
171- 

Experimental meter, 244. 

Expired air, analysis of, I 95 - 

_collection of, 195- 

I Explosion pipette, 208. 

F. 

Fabrics, analysis of mixed, 127-33. 

— bleaching of, 159-62. 

..; dry-cleaning of, 168-76. • 

F^ure of gas supply, causes of, 245. 

' Fat, unsaponified in soap, 68. 

Fats, acids from, 56, 61. 

.^hydrolysisof, 5 ®- 

— saoonifiiAtion of, 5 ^ 

Fatty acids, free, in soaps, 67. 

_— deterir-nation of, 61. 

__ molecular weight of, 70-73. 

_preparation of, J6. 

-resip in, 62. • 

Fehiifigh solution, use of, 109,113. 
Ferric ferrocylinide, 101,166. 

Fibres, anidial, 87. 

— minefel, 87. 
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I^ibies, vegetable, 87. 

Fibroin, 94.' 

— determination of, 102. 
f illing tlfteadB, 127. 

Rre extinguUhers, 263. 
Firepoofing of qotton, 120. 
Firth, l8ft. 

Five light meter, 244. 
Flannflette, 120-22. 

Flash point, 247. 

Flat flame burners, 213. 

Flax, 122. 

— retting of, 123. 

Free alkali in soap, 60, 63, OS- 

— ammonia in water, 3-8. 
Frit, 276. 

Fichsine, 88. 

Fuel, rationing order, 260. 

— allowance, 260. 

Fuels, gaseous, 206-46. 

— liquid, 247^50. 

_ solid, 250-57. 

^turniture polishes, 274- 


Gqs Are radiants, 223. 

— fires, 223. 

— governor, 236. ' 

— Heating Research Committee, 224. 
_ mantles, 223. 

_ Referees, Notification of, 212, 22t 

222, 234. 

— supply, failure of, 245. 

_Traction Committee, 263. 

GasLous fuels, 206-46. 

Geyser, efficiency of, 228. , , 

_ production of carbon monoxide in 

227. 

— Richmond, section of, 227. 

Geysers, 226-29. 

Glaisher factor, i8t. 

Glazed pottery ware, 275-83. 

Glazes, lead in, 276. 

\ 31 ycerine or Glycerol, 57 * b8. 

Glycine, 9J> 

Gossypium, 106. 

Governor, gas, 236. 

Grains, conversion of, to grams, 51. 
Grease marks, removal of, 174. ,r 
Grit ii^metal polishes, 272^ 273. 

_scourersl 75. 

Gross cWific power, ,237, 242. 

Gun'totton, no. 

« 

H. 


Hardness of wato, deterrninatiCn of, 
by ffwwr’J^method, 25-28., 

_perinanent, 19, 23,26. 

_removal of, 19, 4 ^ 53 - 

_temporary, 18, 23, 25-0 

Hehner, 25, tfij- 
Heat, conduction of, 224. 

— convection of, 224. 

—* radiation of, 224, 225. 

Hempel, gas analysis apparatus, 191- 
Heptane, 16^. 

High pressure gas, 222. 

Hill, Leonard, 183. 

Household cleansers, 74- 

— gas meter, 242. 

Humidity, relative, 177-84. 

Hydraldite, 158. ,. . r 

Hydrocarbons in carbolic disiniectanis, 

265, 266. 

Hydrofluoric acid, action of, on cotton, 
no. 

_on silk, 97,103. _ 

Hydrogen in coal gas, determination of, 
208-12- , 

— peroxide, determination ot, 143 -^ 5 - 

_use of, for bleaching, 146. 

Hydrolysis uf fats, 54-56- 

-soaps, 63. 

Hygrometer, Regnanlt, 179- 
_ ventilating, 24I. 

Hygromeltic state, 177- ' 

Hygroscopic character of cotton, 113. 

_silk, 98. 

_linen, 125. 

_wool, 94- 


- Harcourt pentane lamp, f 2 i. 

Hardness of water, deteriflination ot, 
A* hv soaD. 20 - 254 ' 


I. 

Illuminating power of coal gas, 221. 
Illumination, use of coal gas for, 213- 

Incandescent gas burner^ 218-21. . 

-mantles, 223. 

Indigo, 166. 

— carmine, 166. 

— white, 166, 

Inflammable solvents, 169. 

.,nk stains, 163. 

Inks, marking, 164. 

Iodine’ pentoxide, use of, for carbon 
monoindt, 232. 

Iron, e'namelled, 282, 

— in water, 31. ‘ 

— mould, 162. , 

— stains,/jt6a. . . 

Iodine so^ition for staining, 126. 

S. _sulphurous acM,oi 55 - 
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J^el t|itcr, 138. 

K. 

Kata-theimometei, is/. | 

Ktane, 284. * 

Ketaa.'.iifgo. 

Kerosene, 247. 

Kilogram-calorie, 229, 240. 
Kiivei^tograph films, 111. 

L. 

Lake^ 91. 

Lanoline, 89. 

Lanuginic acid, 90. 

Lapis lazuli, 165. 

Laundry blue, 165-67. 

Laurie acid. 55, 62, ‘ro, 71. 

Lead in enamels, 283. * 

—9 glaze of casseroU', 278. * 

-water, 28-3i. 

•— white, 268, 276. 

Leuco compound, i 96 . 

Lewkowitsek^ 59, 284. 

. Light, action of, in bleaching, 135. 
Lighting allowance, 262. 
Lignocellulose, 87,126. 

Lime, * chloride of, see bleaching 
powder. 

— us^ of in sQltening water, 46, 49. 
Linen, 122-25. • 

- action of reagents on,\24. 

- microscopical appearance of, 123. 
Linolei^sxid, 70. 

Linseed ctl, 267. 

Liquid blues, 167. 

— fuels, 247. 

Litbopone, 2C8, 

L.t1tg(, 

Lunge and Zeckendorf, ^8. 

Lunge nitrometer, 4a. * 
Lustracellulose, 115-19. 

-microscopical appearance of, 

118. 

-properties and reactions of, 118. 

— — vaneties of, 116-18. 

«d. 

Machine Ml marks, 176,* 

Magenta, 88. • , 

Magnesiudrtns, action of, on toap, a,. 
-for fire-proo6ng, ijo. | 

— — — weighting ulk, $9. 

Marking ’(ika, 164. , 


Mtrtin, 284. 

•Masien, 25, 278. 

Matthews, 284. 

Medium, paint, 267. 

Melting-point, determination of, 2^. 
Mercer, 112. * 

Mercerised cotton, 114. 

— wool, 91. 

Metal liquid, 271. 

-polish«, 271-74. 

-solid, 273. 

Metals in water, 28-31. 

Metaphenylene diamine, use of, 13. 
Meter, experimental, 244. 

— — gas, dry, 242. 

-household, 242. 

-wet, 242. 

Methane in coal gas, detenfiination of, 
20 ^- 12 . 

Met.i> ene blue, 158, 167. * 
Mictopflotographs of fibres. See Plates * 
1 and 11. 

Microscopical appearance of cotton, 107. 

-hemp, 126. 

-jute, 125. 

-linen, 123. 

-lustra-cellulose, iiS. 

-• ramie, 125. 

-silk, 95. 

-wool, 89. 

Milled soap, 59. 

Mineral matter in polishes, 273 

-soap, 61,67. 

Mitchell, 89. 

Mixed fabrics, analysis of, 127-33. 
Moisturj in coal, determination of, 250. 

-soda substitutes, deteimination 

of, 45. 

Molecular weight of fat^ acids, 70. 

-determination of, 73. 

Moore, B., 15. 

Myristic acid, 55, 6a, 70. 

N. 

Naphthalene in gas supply pipe, 246. 

— melting-point of, 258. 

solution, 4. 
jiSstlerising, 3, 

Net calcrific pot'/er, 241. 

Neutral fat in soap, 68. 

Nitrate in wate . 10-14. 

Nitration of cellulose, 10^. 

Nitrite in water,.to, 13. 

Nitrocelluloses, 109. * 

Nitrogeh ifk ni^te in water, 10-14. 

-nitrite jn water, 10,13. 

I^itrometer, 42. 

|non-inflanftiable soli^qnts, 171. 

' Hotter, 181; 
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Polishing passes, 273 - l. 
Power alcohol, 249. 
Pressure ol coal gas, 222. 
Pridiaux, 8g. 

Primary air, 

Prussian blue, 40 i, 100. 
Putty, 267. 

Pyroxylins, 109. 


Oleic acid, 55, 56. 7O1 7 i- 

_in metal polishes, 271, 272. 

_£. in jBoap, ?-• , 

_i _ use of, in removing grease marks, 

„ 176. 

Olive oil, 55 ' 

Open type geyser, 226. 

Oxalic acid in metal polishes, 273. 

_ _ use of, for removal of iron stains, j 

_with potassium perman 

ganate, 153. 
Oeycellulose, 109. 

Oxygen absorbed, 16. 

_determination of, in air, 188, 193. 

_in coal gas, 206. 

_in expired air, 196. 

_dissolved'in water, 31. „ 

(Oxidation, bleaching by, I 34 - 

P. 


R. 


Paint, analysis of, 269. 

— drying of, 267. 

— marks, removal of, 170- 
t:- oil, 267-70. 

— water, 270. 

Palm nut oil, 55 ' 

— oil, 55- 
Palrpitic acid, 55, 7o- 

Par or pari, weighting above, 102. 

Pan. nitrobenxaidehyde and diphenyl- 
amine, mixture of, 226. 

Paraffin oil, emulsification of, 7 «' 

_flash point of, 248. 

— wax, 258. 

Pauly’s silk, iij- 
Pentane lamp, 221. 

Perborate, sodium, 148-52. 

Perborin products, 149- 

tPerhydrol, 142. 

Permanent hardness, 19, 23, 26, 46-53 

Pettorooal^gxa a® substitute for, 262. 

— flash point of, 247. 

— use of, for dry-cleaning, i^. 
Pettmkofer determinatiop ol can-: 

dtoxide, i? 4 -fl 8 - 
Pbenoki in disinfectants, 205. 

— is soaps, 69. ' 

Phenoxides, 26^. 

Phbroglacinol, 126. 
ePictic acid, Ii,n8. 

Pigment, 268. 

Plumbosolvency, 29. 

Bolishes, boot, 274.^ 

2. furniture, 274.f 
_5rattal,,27i-74- 


Radiants, gas fire, 223. 

Radiation correction, 254. 

_ of heat from flames, 225. 

_various sources, 224. 

Rangalite, 158. 

Reactions of alkalis, 34 - 

-soap, 57 - 

Reference, books of, 284. 

R^gnauft bygiometer, 179. 

Relative hi^idity, 177-84. 

Resin in soap, 54 , 59 . 62. 

_detection of, in fatty acids, 62. 

Retting of flax, 123. 

Ridnoleic acid, 55,70- 
Rideal, 197 - 

Rideal-Walker test, 266. 

Rosenhain calorimeter, 255. 

Ruston, 200. 

- s.. 

Salts of lemon, 163. 

-sorrel, 163. , 

Sampling coal for analysis, 250. 

_soap for analysis, fir. 

— water for analysis^ i. 

Saponificarion, 54. 

Scorch marks, 164- 
Scourers, 74. 

Scouring of wool, 89 - 
Section of geyser, 227. 

j|mmati’on*of cotton and rilk, 132- 

■Yfl_wool, 128. 

'_and silk, 132. 

_ silk and lustra-cellulose, I 33 - 
Sericin, 94. , , , 

Silica, determination of, 40. 

in ash ofsilk^ determination of, 105. 
in soap, determination of, 06. 

Silk, 94-106. , « 

_actioifof acids on, 96. 

_JalkaUson, 97. 

■_other reagent* «n, 97 - 

_ artificial, 114, ^ 33 - 
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_ Bombyx itori, 94 - 
.-^egumming of, gs> 

_ 4Mng of, 98. 

•— eBrjj, 95 - 

— gelatine, 95. 

— glue, 95. 

— gum, 95. 

— hyposcopis chpacter of, 98. 

_miproscopical appearance of, 95 * 

— taw, 95. 

— souple, 95. 

— Tuasah, 95 - 
-t.<weiehting of, 98-106. 

-a wilo, 95- 

— worm, 94. 

Silver, removal of tpmsh from, 274. 
Sidth, H. L., 25 - 
SmitkelU flame separator, 217. 
Soap, 54-86. 

— acid, 63. 

— action of, on hard water, 18. 

— adsorption of, 83. 

— alkaline salts in, 6<f, 65. 
—•borate in, 59, 64, ’ 5 °. 

— cpbolic acid in, 6y. • 

_carbonate in, 59, 60, 64, 65. 

_combined alkali in, 60, 64. 

— extracts, 74- , 

_fatty acids from, 55, 57 , 59 , 

70-73. 

_anhydrides from, 66. 

— free acid in, 67. 

-alkali in, 60, 63, 65. 

—•i'.vC'-rinmin, 57, 68. 

— hydrolysis Of, 63, 79 * 

_ raineral matter in, Bi, 67. 

_neutral fat in, 68. 

_ pastes, 75. 

— preparation of, 54 - 57 * 

— powders, 74 * 

— reactions of, « 7 - 

-. resin itf, 54, 59 , 6*- 
!L s^plinf of, 61. 

— smcate in, 59,6 t, 66. 

_solution, alcohdiic, 63, 80. 

_detergent action of, 75-86. 

_standard, ao. 

_surface-activity of, 77. 

_suspension of particles in, 

— unsaponifiable matter in, 68. 

— unsaponified fat in, 68. 

— water in, 6% 67. 

Soaps, cereal, 59 - 

_conunetcial, 58-6% 

— disinfecting, 69.^ 

— dr)4i„ 

_dry-cleaning, i 73 - 

_ filled, 59, • 

— genuine, 59 ' 


Soaps, hard, 54. 

— milled, 59- 

— mottled, 59. 

— soft, 54, 59 - 

— toilet, 59. 

Soda substitutes, 33-1 
Sodium bicarbonate, ueterminauon ui, 

37. 

_loss in weight on heating, 45. 

— carbonate, determination of, 37. 

— hydibsulphite, 157. 19 *- 

— hypochlorite, 137. 

— hyposulphite, 157,19*- 

— metabiaulphite, 157. 

— metaborate, 40. , 

_nitrite, standard solution of, 14. 

— perborate, 36,148-52. 

peroxide, 146-48. • 

— pyroborate, see borax. 

Sodium sesquicarbonate, 33. 

— silicate in soap, 59 , 64 - . 

_in water softeners, 39. 

-reactions of, 34, 35 - 

— thiosulphate, 157. 

— tungstate, 120,121. 

Soft soaps, 54, 59 - 
Softening of water, 18,40-53. 

_, — calculations on, 50-53. 

_experiments on, 51-53- 

,, 6j, I_methods of, 46-50. 

Solid fuels, 250-57. 

Soluble blues, 167. 

— lead in glazes, 278-82. 

_matter in ash of flannelette, 121. 

! Stain removers, 75,159-65- 
I Stains, removal of, 159-65- 

Staldgmome'.er, 77. 

Stannic chloride, 99. 

Stannous chloride, 158. 

Starch solution, preparation of, ib. 
■Stearic acid, 55, 70, 71- 

_determination of, in candles. 260. 

Stearine candles, 258. 

Stripping salts, 158. 

Sugar in boot polishes, 274, 275. 

-silk, 99. 

Suint, 89. 

1 Sulphanilic acid, 13. 
tij ^Iphobenzene stearic acid, 56. 


Sulphobenzene stearic aciu, 50 . 
8o-857f^lphnr cliexide, bleaching by, fS2, 153. 
154 - 57 - , ■ . 

_deterniitijftion of, i55« 

-in au, 190-200. 

--in coal gas, 2i» 

— — in wool, 90. i 
julnfcufic acid, action of, 

^ • 108. 

_on linen, 124. 

j--•-on^lk, 96- 

I _-a- — ^onwool, 91. 


on cotton, 
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Sulphuric aci^ in air, 196-200. 

__ in boot poliahes, 274. a 75 . 

SuAacetec^ity, 77 - 
— Itnsion, 77, 174 - . 

Suspenied matter ^ Mt, 200. 
SusjenBion particles m soap solu- 
• tions, 80-85. 


Tallow, 55 - 

Tannic acid, 97,98, 99 , “o- 
Tat marks, removal of, 176. 

Tarnish on metals, 271. 
Tetrfchloroettiane as grease solvent. 

171. 

trapol, 173., 
xtile fibres, 87-133. 
iCrmometer, ^fy-bulb, 180. 

Kata, 183. * 

•wet-bulb, 180. 
tomson. W., Calorimeter, 252. 
iorfe, 284. 
kresh, 284. 

ilden, 223. , . 

n, Seteri*ination of, in silk, 105. 

• silico-phosphate, 99. « 

Mer, 169, 213- 
Itanons chloride, 158. 
oilet soaps, 59- 

otal solids in water, 2. 
richlot^hyleneas grease solvent, 171 

risteatin, 54, 55 - 
ungsfate, test for, I 2 i- 
'urpentine in paints, 268. 

_varnishes, 270. • 

'witchdl reagent, 56. 

U- 

IltramKine, 165. 

JnsaporKfiable matter in soap, 6». 
Jnsaponified fat in soap, 68. 
Jnsaturated C-cids, 70, 267. 

V. 


Warp, 127. 

Washing soda, 33. • -p 

Water, action metals, 28-3J/ 

— analysis, 1-32. . 

— glass, use of, for weighting silk, S,- 
_hard, see hardness of water. 

— in gas supply pipe, 246. 

— in soap, 61, 67. 

— paints, 270." 

— softeners, 33 - 4 ®- 

— softening of, 18, 46-53-, Jw . 

Was, paraffin, melting-point of, asSJn 
_use of, for candles, 258. 

Weft, 127. 

Weighing of fabrics, 94,127. 
Weighting of silk, 98-106. 

Westron, 171. 

Westropol, 173. 

Westrosol, 171. 

Wet-bulb thermometer, tSo. 

Wet meter, 242. ^ 

White lea* 268, 276. 

Whifening, 2^, 270. 

Whitewash, afb. 

Whiting, 267, 270. 

Woof, 127. 

Wool, 89-94. 

_action of acids on, 91. 

_alkalis on, 91. 

_ch'orine on, 92. 

— amino group in, 90, 93 - 
carbonising of, 89, 

— conditioning of, 94. ^ 

— diazotisation qf, 9 °- 

— dyeing of, 93. 

— grease, 89. 

_hygroscopic character ol, 94. 

-— microscopical appearance of, 8g. 

— raw, 89. 

_ separation of, from ootton. IZ8, 

_-^*8ilk, 131. , 

_and cotton, 132. •, 

— sulphur in, 90. 


Varnishes, 270. 

Vatdye,\66. , 

VentilatioB, calculation! relating to, 
2 ffj- 5 . 

— efficiensy of, 201. 

ViAo*, 112,117. * 1 *- 
Vffiatile matter in coal, 251. 


'wfRthoproteic reaction, 88. 

Z. 

Zinc, actibh tjf water on,^!. 

— chloride, basic, 98,133, 

— copper couple, ft, 

— hyposulphite, i j8« 
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